25/03 04 THU 17:50 FAX 972 3 6127575 



G. E. EHRLICH 



2)004 



1 

APPLICATION FOR PATENT 

5 Inventors: Abraham Nudelman, Ada Rephaeli, Irit Gil-Ad and Abraham 
Weizman 

Title: CONJUGATED PSYCHOTROPIC DRUGS AND USES 

10 THEREOF 



This is a continuation-in-part of PCT International Application No. 
PCT/IL02/00795, filed September 29, 2002, which claims the benefit of priority 
15 from U.S. Provisional Patent Application No. 60/324,936, filed September 27, 
2001. 

20 FIELD AND BACKGROUND OF THE INVENTION 

The present invention relates to novel chemical conjugates of 
psychotropic drugs and organic acids, and uses thereof. More particularly, the 
present invention relates to novel chemical conjugates of psychotropic drugs 
(which may also have anti-proliferative activity and/or chemosensitization 

25 activity), and organic acids selected so as to reduce side effects induced by the 
psychotropic drugs and/or so as to exert an anti-proliferative activity, and uses 
thereof in the treatment of psychotropic and/or proliferative disorders and 
diseases and in chemosensitization. The novel chemical conjugates of the 
preseni invention are characterized by minimized adverse side effects as 

30 compared to prior art psychotropic drugs. 

Psychotropic drugs are pharmacological agents that act mainly in the 
central nervous system (CNS) by modulating neuronal signals transduction. 
Psychotropic drugs are therefore known, and are referred to herein, as 
pharmacological agents that exert an activity in the CNS to thereby treat a CNS 

35 associated impairment, and include, for example, anti-psychotic drugs, anti- 
depressants, anticonvulsants, anxiolytics, inhibitors of brain derived enzymes 
and the like. 
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Unfortunately, the administration of psychotropic drugs is typically 
associated with adverse side effects, such as seizures, headaches, fatigue, 
hyperactivity, dizziness, and many more, which severely limit their use. A 
comprehensive list of such side effects can be found, for example, in "The 
5 Merck Manual of Medical Information" (Merck & Co. Inc.). 

Neuroleptic drugs, for example, which arc also known as neuroleptic 
agents or neuroleptics, are classical anti-psychotic drugs thai are widely used in 
the treatment of central nervous system psychotic diseases and disorders, such 
as schizophrenia. The anti-psychotic efficacy of neuroleptics is attributed to 
10 their ability to antagonize/block central dopamine receptors. The neuroleptic 
drugs are known as typical anti-psychotic drugs and include, for example, 
phenothiazines, amongst which are aliphatics (e.g., chlorpromazinc), 
piperidines (e.g., thioridazine) and piperazines (e.g., fluphenazine); 
butyrophenones (e.g., haloperidol); thioxanthenes (e.g., flupenthixol); 
15 oxoindolcs (e.g., molindone); dibenzoxazepines (e.g., loxapinc) and 
diphcnylpiperidines (e.g., pimozide). 

However, the administration of currently available neuroleptic drugs is 
frequently associated with adverse side effects. It is well known in the art that 
neuroleptic agents induce extrapyramidal symptoms, which include rigidity, 
20 tremor, bradykinesia (slow movement), and bradyphrenia (slow thought), as 
well as tardive dyskinesia, acute dystonic reactions and akathasia. In fact, about 
5 % of patients that are treated with chronic therapy of neuroleptic drugs for 
over a year develop pathology of tardive dyskinesia. 

A different class of anti-psychotic drugs includes the atypical anti- 
25 psychotics. Atypical anti-psychotic drugs have a receptor binding profile that 
includes binding to central serotonin 2 receptors (5-HT2) in addition to 
dopamine D2 receptors. Atypical anti-psychotic drugs include, for example, 
clozapine, olanzapine and risperidone, and are generally characterized by high 
anti-serotonin activity and relatively low affinity to dopamine D2 receptors. 
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Some atypical anti-psychotic drugs, such as clozapine, are known lo further 
antagonize adherenic, cholinergic and histamincrgic receptors. 

Unlike the neuroleptics, atypical anti-psych otics cause minimal 
extrapyramidal symptoms and thus rarely cause tardive dyskinesias, akathasia 
5 or acute dystonic reactions. However, the administration thereof involves other 
side effects such as increase of body weight, mood disturbances, sexual 
disfunction, sedation, orthostatic hypotension, hypersalivation, lowered seizure 
threshold and, in particular, agranulocytosis. 

The sever side effects that are associated with both typical and atypical 

1 0 anti-psychotic drugs, also referred to herein as anti-psychotics, establish a major 
limitation to their use and extensive efforts have been made to develop anti- 
psychotic drugs devoid of these side effects. 

U.S. Patent No. 6,197,764 discloses chemical conjugates of clozapine 
(an atypical anti-psychotic drug) and a fatty acid of 12-26 carbon atoms, 

15 preferably 16-22 carbon atoms. These conjugates are characterized by extended 
therapeutic effectiveness, which permits administration of lower doses thereof 
to yield an anti-psychotic therapeutic effect and thereby reduce the chances of 
developing serious side effects. Hence these conjugates are beneficial and 
advantageous over non-conjugated atypical anti-psychotic drugs. However, 

20 U.S. Patent No. 6,197,764 fails to disclose such advantageous conjugates that 
include other anti-psychotic agents and is farther limited to conjugates 
including long-chain fatty acids. It should be mentioned that ester conjugates of 
other anti-psychotics, mainly neuroleptics, and long-chain fatty acids are well 
known in the art. Nevertheless, such conjugates are aimed mainly at facilitating 

25 % the brain penetration of the drug and are not designed to actively reduce or 
prevent side effects. 

U.S. Patent No. 3,966,930 discloses fluoro-substituted phenothiazinc 
derivatives that have pronounced neuroleptic properties and a relatively low 
degree of undesired side effects. However, while some of the claimed fluoro- 

30 substituted phenothiazine derivatives of U.S. Patent No. 3,966,930 include an 
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acyl radical lhai has 1-17 carbon atoms in its chain, the experimental data is 
limited to phenothiazinc derivatives that include only acyl radicals derived from 
either oxalic acid or maleic acid (i.e., organic acids that include 2 and 4 carbon 
atoms, respectively). The disclosed phenothiazine derivatives have longer 
5 therapeutic effect as compared to other known neuroleptics and are therefore 
characterized by a relatively low degree of induced side effects. The prolonged 
therapeutic effect of these compounds is mainly attributed to the phenothiazine 
substitucnts (e.g., fluoro and trifluoromethyl) while their conjugation with the 
organic acids is aimed chiefly at facilitating their pharmaceutical formulation. 

10 Recent studies on the development of extrapyramidal symptoms as a 

result of treatment with psychotropic drugs, mainly neuroleptics, have 
suggested a mechanism that involves an imbalance in the dopaminergic 
receptors Dl and D2, which is further accompanied by decreased activity of the 
y-atninobutyric acid (GAB A) system in the brain. 

15 GAB A is an important inhibitory neurotransmitter in the brain, which is 

known to affect mood stabilizing activity, anxiolytic activity and muscle 
relaxant activity, and is further known to be related to some central nervous 
system disorders and diseases. The recent studies on extrapyramidal symptoms 
suggest that GABA agonists may be further used to reduce neuroleptic-induced 

20 side effects and thus have an additional therapeutic potential. 

Previous studies have already suggested that GABA agonists can 
interfere with other brain neurotransmitters and, in particular, with the 
dopamine system. Thus, it was found that GABA agonists can antagonize the 
neuroleptic- induced increase of dopamine receptors sensitivity and are therefore 

25 capable of improving neurolcptic-induced dyskinesia [1]. Furthermore, it was 
found that some known direct GABA agonists (e.g., muscimol and SL 76002) 
cause a biphasic effect on haloperidol-induced catalepsy, such that while low 
doses of the agonist inhibit the stereotypic catalepsy behavior, high doses of the 
agonist potentiate the haloperidol-induced catalepsy. Other studies have 

30 reported that GABA agonists further induce anti-convulsive activity [2]. 
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The use of GABA agonists is limited since they include hydrophilic 
functional groups (e.g., a free carboxylic acid group and a free amino group) 
and therefore do not readily cross the blood brain barrier (BBB). However, it 
was found that chemical conjugation of such compounds with fatty amino acids 
5 or peptides could substantially facilitate their passage across the blood brain 
barrier (BBB) [3]. 

Indeed, U.S. Patent Nos. 3,947,579; 3,978,216; 4,084,000; 4,129,652 and 
4,138,484 disclose that GABA-like compounds (compounds that are 
pharmacologically related to GABA) which are known to cross the blood brain 

10 barrier, such as y-hydroxybutyrolactone, y-hydroxybutyrate, aminooxyacetic 
acid, 5-ethyl-5-phenyl-2-pyiTOlidone, 1 -hydroxy-3-amino- 2-pyrroIidone and [3- 
(4~chlorophenyl)-y-aminobutyric acid, when co-administered with neuroleptic 
drugs, allow the use of somewhat lower doses of neuroleptic drugs to obtain the 
same anti-psychotic effect as obtained with higher doses of neuroleptic drug 

15 without administering these GABA-like compounds and, at the same time, 
somewhat reduce extrapyramidal side effects. The same anti-psychotic effect is 
said to be obtained although lower doses of neuroleptic drugs are used because 
the GABA-like compounds are said to potentiate anti-psychotic activity of the 
co-administered anti-psychotic drug. 

20 Recent studies revealed that some psychotropic drugs and, in particular, 

the phenothiazines, further exert a potent antiproliferative activity in different 
cell lines, such as neuronal cells, glial cells, melanoma cells, breast cells, colon 
cells, prostate cells, lymphoma and leukemia, as well as in primary human 
keratocyles [4]. The "new half mustard type phenothiazines", which is known 

25 to exert a specific inhibitory effect on calmodulin, were tested by the National 
Cancer Institute (NCI). The antiproliferative activity of the phenothiazines 
was observed in the in vitro screen of 60 different human cancer cell lines. 
Some phenodiiazines further showed significant inhibition of tumor growth in 
animal models. These findings are consistent with the low frequency of cancer 
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occurrence in schizophrenic patients on neuroleptic medication, as compared 
with the general population. 

WO 02/43652, which is incorporated by reference as if fully set forth 
herein, teaches the use of various typical and atypical psychotropic agents in 
5 the treatment of proliferative diseases. In particular, WO 02/43652 teaches that 
cyclic psychotropic agents (e.g., tricyclic, bicyclic and monocyclic) can serve 
as effective agents in the treatment of numerous tumors, including glioma, 
melanoma, neuroblastoma, colon, lung and prostate cancers, as well as in the 
treatment of multi drug resistant (MDR) cancer cells, such as B16 melanoma 

10 cells (known to be resistant to doxorubicin and colchicine) and Neuroblastoma 
(SH-SY5T, resistant to 5-FU and doxorubicin). Moreover, apart from teaching 
the activity of psychotropic agents in the treatment of MDR cancer, WO 
02/43652 further teaches the use of the psychotropic drugs as chemosensitizers, 
namely, as compounds that effectively sensitize cancer cells, particularly MDR 

1 5 cancer cells, to cytotoxic drugs. 

However, although the teachings of WO 02/43652 are highly 
advantageous, particularly with respect to the antiproliferative and 
chemosensitization activity of psychotropic agents in the treatment of MDR 
cancer, the use of these psychotropic agents is highly limited by the adverse 

20 side effects induced thereby. 

Butyric acid (BA) and 4-phcnylbutyric acid (PBA), of which GABA is a 
derivative, are also known to act as differentiating and antiproliferative agents 
in a wide spectrum of neoplastic cells in vitro [5]. Both the butyric acid and the 
4-phenylbutyric acid are known as pleotropic agents and one of their most 

25 notable activities is the reversible increase of the acetylation level in nuclear 
histones, which leads to chromatin relaxation and changes in transcription 
activity [6]. It is assumed that this mechanism of action is further related to the 
anticancer activity of butyric acid and the 4-phcny I butyric acid. 

Thus, the prior art teaches the use of psychotropic drugs in the treatment 

30 of central nervous system disorders and diseases, as well as in the treatment of 
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proliferative disorders and diseases such as malignant and benign tumors and 
MDR cancer, as anti-proliferative agents and as chemosensitizers. The prior art 
further teaches the use of GABA agonists (including GABA itself) as potential 
agents for reducing neuroleptic- induced side effects as well as the use of butyric 
5 acid and derivatives thereof as anti-proliferative agents. 

Nevertheless, there is still a widely recognized need for, and it would be 
highly advantageous to have, psychotropic drugs characterized by improved 
therapeutic activity and yet reduced side effects, which can also serve as anti- 
proliferative drugs and as chemosensitizers. 

10 

SUMMARY OF THE INVENTION 

According to the present invention there are provided (i) chemical 
conjugates of psychotropic drugs and organic acids selected to reduce the side 
effects induced by the psychotropic drugs and/or to exert antiproliferative 

15 activity; (ii) chemical conjugates of psychotropic drugs and GABA agonists 
(including GABA itself); (iii) chemical conjugates of psychotropic drugs and 
anti-proliferative agents; (vi) methods for their synthesis; (v) use thereof in the 
treatment and/or prevention of psychotropic disorders and diseases while 
reducing the side effects characteristic of conventional psychotropic drugs; (v) 

20 use thereof in the treatment and/or prevention of proliferative disorders and 
diseases; and (vi) use thereof as chemosensitizing agents. 

It is shown herein that such chemical conjugates of psychotropic drugs 
are characterized by minimized adverse side effects (e.g., extrapyramidal 
symptoms), enhanced psychotropic therapeutic activity and anti-proliferative 

25 activity and by chemosensitization activity. It is further shown herein that such 
chemical conjugates unexpectedly provide synergistic effects as compared to 
their parent compounds both with respect to their therapeutic effects and with 
respect to the minimization of side effects. 

Thus, according to one aspect of the present invention there is provided a 

30 chemical conjugate comprising a first chemical moiety covalently linked to a 
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second chemical moiety, wherein the first chemical moiety is a psychotropic 
drug residue and further wherein the second chemical moiety is an organic acid 
residue that is selected so as to reduce side effects induced by the psychotropic 
drug when the psychotropic drug is administered per se and/or to exert anti- 
5 proliferative activity. 

According to another aspect of the present invention there is provided a 
pharmaceutical composition comprising, as an active ingredient, the chemical 
conjugate of the present invention and a pharmaceutical ly acceptable carrier. 

The pharmaceutical composition of the present invention is preferably 

10 packaged in a packaging material and is identified in print, on or in the 
packaging material, for use in the treatment of a psychotropic disorder or 
disease, for use in the treatment of a proliferative disorder or disease and/or for 
use in chemosensitization, in combination with a chemotherapeutic agent and/or 
in a medical condition for which chemosensitization is beneficial. 

15 According to yet another aspect of the present invention there is 

provided a method of treating or preventing a psychotropic disorder or disease 
in a subject, the method comprising administering to the subject a 
therapeutically effective amount of the chemical conjugate of the present 
invention. 

20 According to further features in preferred embodiments of the invention 

described below, the psychotropic disorder or disease is selected liom the group 
consisting of a psychotic disorder or disease, an anxiety disorder, a dissociative 
disorder, a personality disorder, a mood disorder, an affective disorder, a 
neurodegenerative disease or disorder, a convulsive disorder, a boarder line 

25 disorder and a mental disease or disorder. 

According to still further features in the described preferred 
embodiments the psychotropic disorder or disease is selected from the group 
consisting of schizophrenia, paranoia, childhood psychoses, Huntington's 
disease, Gilles de la Tourette's syndrome, depression, manic depression, 

30 anxiety, Parkinson disease, Alzheimer disease and epilepsy. 
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According to still another aspect of the present invention there is 
provided a method of treating or preventing a proliferative disorder or disease in 
a subject, the method comprising administering to the subject a therapeutically 
effective amount of the chemical conjugate of the present invention. 
5 According to further features in preferred embodiments of the invention 

described below, the proliferative disorder or disease is selected from the group 
consisting of a brain tumor, a brain metastase and a peripheral tumor. 

According to still further features in the described preferred 
embodiments the proliferative disorder is cancer, such as multidrug resistant 
10 cancer. 

According to an additional aspect of the present invention, there is 
provided a method of chemosensitization. The method comprises administering 
to a subject in need thereof a chemotherapeutically effective amount of one or 
more chemotherapeutic agent(s) and a chemosensitizing effective amount of the 
15 chemical conjugate of the present invention. 

According to further features in preferred embodiments of the invention 
described below, the subject has cancer such as multidrug resistant cancer. 

According to further features in preferred embodiments of the invention 
described below, the second chemical moiety is covalently linked to the first 
20 chemical moiety via an ester bond selected from the group consisting of a 
carhoxylic ester bond, an alkyoxy carboxylic ester bond, an amide bond and a 
thioester bond. 

According to still further features in the described preferred 
embodiments the second chemical moiety is selected from the group consisting 
25 of an antiproliferative agent residue, an analgesic residue and a GAB A agonist 
residue. 

According to still further features in the described preferred 
embodiments the psychotropic drug has an anti-proliferative activity. 

According to still further features in the described preferred 
30 embodiments the psychotropic drug has a chemosensitization activity. 
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According to still farther features in the described preferred 
embodiments the psychotropic drug residue is selected from the group 
consisting of a phenothiazinc residue and a phenothiazinc derivative residue. 

According to still further features in Ihe described preferred 
5 embodiments the psychotropic drug residue is an anti-psychotic drug residue. 

According to still further features in the described preferred 
embodiments the anti -psychotic drug residue is selected from the group 
consisting of a typical anti-psychotic drug residue and an atypical psychotic 
drug residue. 

10 According to still farther features in the described preferred 

embodiments the psychotropic drug residue is selected from the group 
consisting of an anxiolytic drug residue, an anti-depressant residue, an anti- 
convulsive drug residue, an anti-parkinsonian drug residue, an acetylcholine 
esterase inhibitor residue, a MAO inhibitor residue, a tricyclic psychotropic 

1 5 drug residue, a bicyclic psychotropic drug residue, a monocyclic psychotropic 
drug residue, a phenothiazine residue, a benzodiazepine residue and a 
butyrophenone residue. 

According to still farther features in the described preferred 
embodiments the psychotropic drug residue is selected from the group 

20 consisting of a chlorpromazine residue, a perphenazine residue, a fluphenazine 
residue, a zuclopenthixol residue, a thtopropazate residue, a haloperidol residue, 
a benperido) residue, a bromperidol residue, a droperidol residue, a spiperone 
residue, a pimozide residue, a piperacetazine residue, an amilsulpride residue, a 
sulpiride residue, a clothiapine residue, a ziprasidone residue, a remoxipride 

25 residue, a sultopride residue, an alizapride residue, a ncmonapride residue, a 
clozapine residue, an olanzapine residue, a ziprasidone residue, a sertindolc 
residue, a quetiapine residue, a fluoxetine residue, a fluvoxamine residue, a 
desipramine residue, a paroxetine residue, a sertraline residue, a valproic acid 
residue, a temazepam residue, a flutemazepam residue, a doxefazepam residue, 

30 an oxazepam residue, a lorazepam residue, a lormetazepam residue, a 
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cinolazepam residue, a fluUtzolam residue, a lopirazepam residue, a 
meprobamale residue, a carisoprodol residue, an acetophenazine residue, a 
carphenazine residue, a dixyrazine residue, a priciazine residue, a pipothiazine 
residue, a homophenazine resdiue, a pcrimetazinc residue, a perthipentyl 
5 residue, a flupentixol residue, a piflutixol residue, a teflutixol residue, an 
oxypethepin residue, a trifluperidol residue, a penfluridol residue, a 
meclobemide residue, a norclomipramine residue, an amoxapine residue, a 
nortriptyline residue, a protriptyline residue, a reboxetine residue, a tacrine 
residue, a rasagiline residue, an amatadine residue, a phenobarbital residue and 

10 a phenytoin residue. 

According to still further features in the described preferred 
embodiments the GABA agonist residue is selected from the group consisting 
of a (±) baclofen residue, an y-aminobutyric acid (GABA) residue, a y- 
hydroxybutyric acid residue, an ammooxy acetic acid residue, a p-(4- 

15 chlorophenyl)-y-aminobutyric acid residue, an isonipecotic acid residue, a 
piperidine-4-sulfonic acid residue, an 3-aminopropylphosphonous acid residue, 
an 3-aminopropylphosphinic acid residue, an 3-(aminopropyl)methylphosphinic 
acid residue, a l-(aminomethyl)cyclohexaneacetic acid residue (gabapentin), a 
4-amino-5-hexenoic acid (y-vinyl GABA, vigabalrin) <ind an 3-(2~imidazolyl)- 

20 4-aminobutanoic acid residue. 

According to still further features in the described preferred 
embodiments the anti-proliferativc agent residue is selected from the group 
consisting of a butyric acid residue and a 4-phenylbutyric acid residue- 
According to still further features in the described preferred 

25 embodiments the organic acid residue has a general formula -R-C(=0)- 
wherein, R is selected from the group consisting of a substituted or non- 
substituted hydrocarbon residue having 1-20 carbon atoms, a substituted or non- 
substituted hydrocarbon residue having 1-20 carbon atoms and at least one 
heteroatom selected from the group consisting of oxygen, nitrogen and sulfur 

30 and R h whereas, R, is a residue of a general formula -Z-C(<))0-CHR 2 -R 3 
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wherein, Z is selected from the group consisting of a single bond, a substituted 
or non-substituted hydrocarbon residue having 1-20 carbon atoms and a 
substituted or non-substituted hydrocarbon residue having 1-20 carbon atoms 
and at least one heteroaiom selected from the group consisting of oxygen, 
5 nitrogen and sulfur; R 2 is selected from the group consisting of hydrogen and an 
alkyl having 1-10 carbon atoms; and R 3 is selected form the group consisting of 
hydrogen, a substituted or non-substituted hydrocarbon residue having 1-20 
carbon atoms and a substituted or non-substituted alkyl having 1-20 carbon 
atoms and at least one heteroatom selected from the group consisting of oxygen, 
10 nitrogen and sulfur. 

According to still further features in the described preferred 
embodiments R is a substituted or non-substituted alkyl having 3-5 carbon 
atoms. 

According to still further features in the described preferred 

15 embodiments the organic acid residue is selected from the group consisting of a 
butyric acid residue, a valeric acid residue, a 4-phenyIbutyric acid residue, an 4- 
aminobutyric acid residue, a retinoic acid residue, a sulindac acid residue, an 
acetyl salicylic acid residue, an ibuprofen residue, a malonic acid residue, a 
succinic acid residue, a glutaric acid residue, a fumaric acid residue and a 

20 phthalic acid residue. 

According to a further aspect of the present invention there is provided a 
method of synthesizing the chemical conjugates of the present invention. The 
method comprises reacting an organic acid and a psychotropic drug, so as to 
obtain a residue of the organic acid covalently linked to a residue of the 

25 psychotropic drug. 

According to further features in preferred embodiments of the invention 
described below, the residue of the organic acid 'is covalently linked to the 
residue of the psychotropic drug via a carboxylic ester bond, and the method 
further comprising, prior to the reacting, converting the organic acid into an 

30 acyl chloride derivative thereof. 
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According to still further features in the described preferred 
embodiments the residue of the organic acid is covalently linked to the residue 
of the psychotropic drug via a thioester bond, and the method further 
comprising, prior to the reacting, converting the organic acid into an acyl 
5 chloride derivative thereof and converting the psychotropic drug into a thiol 

derivative thereof. 

According to still further features in the described preferred 
embodiments the residue of the organic acid is covalently linked to the residue 
of the psychotropic drug via an amide bond, and the method further comprising, 

10 prior to the reacting, converting the organic acid into an acyl chloride derivative 
thereof and converting the psychotropic drug into an amine derivative thereof. 

According to still further features in the described preferred 
embodiments the residue of the organic acid is covalently linked to the residue 
of the psychotropic drug via an alkyloxy carboxylic ester bond and the method 

15 further comprising, prior to the reacting, converting the psychotropic drug into a 
chloroalkyl ester derivative thereof. 

The organic acid and the psychotropic drug used in the method described 
above are preferably derived from the organic acid residue and the psychotropic 
drug residue of the present invention, described hereinabove. 

20 In cases where the organic acid is a GABA agonist that comprises a free 

amino group, the method further comprising protecting the free amino group 
with a protecting group, prior to the reacting, so as to obtain by the reacting an 
amino-protected residue of the organic acid covalently linked to the residue of 
the psychotropic drug, and removing the protecting group after obtaining the 

25 amino-protected residue of the organic acid covalently linked to the residue of 
the psychotropic drug. Preferably, the method further comprises, after the 
protecting and prior to the reacting, converting the organic acid into an acyl 
imida7ole derivative thereof. 

The present invention successfully addresses the shortcomings of the 

30 presently known configurations by providing new and potent chemical 



25/03 04 THU 17:56 FAX 972 3 6127575 



G. E. EHRLICH 



12)017 



14 

conjugates of psychotropic drugs that induce minimized adverse side effects for 
the treatment and prevention of psychotropic and/or proliferative disorders and 
diseases and for use as chemosensitizers. 

5 BR IEF DESCRIPTION OF THE DRAWINGS 

The invention is herein described, by way of example only, with 
reference to the accompanying drawings. With specific reference now to the 
drawings in detail, it is stressed that the particulars shown are by way of 
example and for purposes of illustrative discussion of the preferred 
10 embodiments of the present invention only, and are presented in the cause of 
providing what is believed to be the most useful and readily understood 
description of the principles and conceptual aspects of the invention. In this 
regard, no attempt is made to show structural details of the invention in more 
detail than is necessary for a fundamental understanding of the invention, the 
15 description taken with the drawings making apparent to those skilled in the art 
how the several forms of the invention may be embodied in practice. 
In the drawings: 

FIGs. la and lb show a bar graph and plots, obtained by Structure 
Activity Relationship (SAR) studies, demonstrating the effect of perphenazine 
20 and its chemical conjugates according to the present invention (AN 167, AN 
168 and AN 130) on total catalepsy (Figure la) and on prolactin blood levels 
(Figure lb) in rats injected intraperitoneal ly with 5 mg/Kg body weight 
perphenazine and equimolar doses of its chemical conjugates; 

FIG. 2 is a bar graph demonstrating the total catalepsy in rats following 
25 treatment with 5 mg/Kg perphenazine and equimolar doses of its chemical 
conjugates according to the present invention (SAR studies); 

FIGs, 3 a and 3b show a bar graph and plots demonstrating the effect of 
perphenazine (5 mg/Kg), fluphenazine (7.5 mg/Kg) and their chemical 
conjugates (AN 167, AN 168, AN 180 and AN 187) according to the present 
30 invention (administered in equimolar doses) on total catalepsy in rats (figure 
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3a) and the effect of perphenazine, fluphenazine and their GABA chemical 
conjugates AN 168 and AN 187 on prolactin blood levels in rats (Figure 3b); 

FIGs. 4a-b are comparative plots demonstrating the time course of 
catalepsy in rats, induced by perphenazine and its chemical conjugates 
5 according to the present invention (Figure 4a) and fluphenazine and its 
chemical conjugates according to the present invention (Figure 4b); 

FIGs. 5a and 5b show a bar graph and comparative plots demonstrating 
the effect of a chemical conjugate of perphenazine and GABA (compound AN 
168) of the present invention and an equimolar dose of a mixture of 
10 perphenazine and GABA on catalepsy in rats; 

FIG. 6 is a bar graph demonstrating the effect of the chemical conjugates 
AN 167 and AN 168 of the present invention on total catalepsy in rats (averages 
of four independent experiments); 

FIGs. 7a and 7b show bar graphs demonstrating the effect of the 
15 chemical conjugate AN 168, an equimolar dose of perphenazine and an 
cquidose of a mixture of perphenazine and GABA on catalepsy in mice, 
measured in terms of the percentage of animals reaching the target within 2 
minutes (Figure 7a) and in terms of the time it took the animals to reach the 
target (Figure 7b); 

20 FIGs. 8a and 8b present comparative plots demonstrating the effect of 

orally administered perphenazine and its chemical conjugate AN 168 on 
catalepsy in rats, as measured by the "piano" test (Figure 8b presents the data 
obtained in experiments conducted 3 months after the experiments presented in 
Figure 8a); 

25 FIGs. 9a and 9b present bar graphs demonstrating the total catalepsy 

induced in rats by orally administered perphenazine and its chemical conjugate 
AN 168, at various concentrations, as measured by the "piano" test (Figure 9b 
presents the data obtained in experiments conducted 3 months after the 
experiments presented in Figure 9a); 



25/03 04 THU 17:57 FAX 972 3 6127575 



G. E. EHRLICH 



@019 



16 

FIGs. 10a and 10b are comparative plots and a bar graph demonstrating 
the effect of various concentrations of orally administered perphenazine and its 
chemical conjugate AN 168 on the time course of catalepsy (Figure 10a) and on 
total catalepsy (Figure 10b) in rats, as measured by the "piano" test during 24 
5 hours; 

FIG. 1 1 is a bar graph demonstrating the effect of perphenazine and AN 
168, orally administered at various concentrations, on total catalepsy in rats, as 
measured by the "wall" Lest; 

FIG. 12 presents comparative plots demonstrating the effect of orally 
10 administered perphenazine and AN 168 on prolactin blood levels in rats; 

FIG. 13 presents comparative plots demonstrating the effect of 
perphenazine and its chemical conjugates of the present invention, AN 130, AN 
167 and AN 168, on the proliferation of B16 murine melanoma cells; 

FIG. 14 presents comparative plots demonstrating the effect of 
15 increasing concentrations of perphenazine, AN 168, GAB A, Vincristine and 
Cispiatin on the viability of C6 rat glioma cells; 

FIG. 15 presents comparative plots demonstrating the effect of 
increasing concentrations of perphenazine, AN 168 acid Dexamethasone on the 
viability of Jurkat T lymphoma cells; 
20 FIG. 16 is a bar graph demonstrating the effect of various concentrations 

of perphenazine and AN 168 on the viability of C6 rat glioma cells treated with 
30 \M Vincistine; 

FIG. 17 is a bar graph demonstrating the effect of Cispiatin (5-50 fiM) 
and a combination of Cispiatin (5-50 pM) and AN 168 (10 and 15 pM) on the 
25 viability of C6 rat glioma cells; 

FIG. 18 is a bar graph demonstrating the effect of perphenazine, AN 168 
and Cispiatin on DNA fragmentation in C6 rat glioma cells; 

FIG. 19 is a bar graph demonstrating the effect of perphenazine and its 
chemical conjugates AN 130, AN 167 and AN 168 on normal brain cells (IC 50 
30 values); 
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FIG. 20 is a bar graph demonstrating the effect of equimolar doses of 
perphenazine and AN 168 on the viability of rat myocytic cell; 

FIG. 21 presents comparative plots demonstrating the time course of 
mortality in rats intraperitoncally injected with perphenazine (per) and 
5 compound AN 1 67 of the present invention; 

FIG. 22 is a bar graph demonstrating the effect of intraperitoneal 
administration of various concentrations of perphenazine and/or GABA, and of 
equimolar doses of the chemical conjugate AN-168 on D-amphetamine-induced 
climbing behavior in rats, by the total number of climbing attempts recorded 
10 during two hours in each test group (each point represents the Mean +/- SEM, 
and the number of animal treated); 

FIG. 23 presents comparative plots demonstrating the time course of the 
effect of intraperitoneal administration of various concentrations of 
perphenazine and/or GABA, and of equimolar doses of the chemical conjugate 
15 AN-168 on D-amphetamine- induced climbing behavior in rats during two 
hours; 

FIG- 24 is a bar graph demonstrating the effect of intraperitoneal 
administration of various concentrations of perphenazine and equimolar doses 
of the chemical conjugate AN-168 on D-amphetamine-induced head movement 
20 in nits, recorded during two hours in each test group (each point represents the 
Mean +/- SEM, number of animal treated added); 

FIG. 25 presents comparative plots demonstrating the time course of the 
effect of intraperitoneal administration of various concentrations of 
perphenazine and equimolar doses of the chemical conjugate AN-168 on D- 
25 amphetamine-induced head movement in rats during two hours; 

FIG. 26 is a bar graph demonstrating the effect of oral administration of 
2.5 mg/kg perphenazine, with or without 5 mg/kg GABA, and of equimolar 
dose of the chemical conjugate AN-168 on D-amphetamine-induced climbing 
behavior in rats, by the total number of climbing attempts recorded in each lest 
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group during two hours (each point represents the Mean +/- SEM and the 
number of animal treated); 

FIG. 27 is a bar graph demonstrating the effect of oral administration of 
2.5 mg/kg perphenazine with or without 5 mg/kg GABA and of equimolar dose 
5 of the chemical conjugate AN- 168 on D-amphetamine-induced head movement 
in rats in each test group during two hours (each point represents the Mean +/- 
SKM); 

FIG. 28 presents comparati ve plots demonstrating the time course of the 
effect of oral administration 2.5 mg/kg perphenazine with or without 5 mg/kg 
10 GABA and of equimolar dose of the chemical conjugate AN- 168 on D- 
amphetamine-induced head movement in rats during two hours; 

FIG. 29 is a bar graph demonstrating the effect of oral administration of 
various concentrations of olanzapine on D-amphetaminc-induccd climbing 
behavior in rats; 

15 FIG. 30 presents comparative plots demonstrating the time course of the 

effect of oral administration of various concentrations of olanzapine on D- 
amphetamine-induced climbing behavior in rats; and 

FIG. 31 is a bar graph demonstrating the effect of oral administration of 
various concentrations of olanzapine on D-amphetamine-induced head 

20 movement in rats. 

DESCRIP TI ON OF THE PREFERRED EMBODIMENTS 

The present invention is of chemical conjugates of psychotropic drugs 
covalently linked to organic acids, methods of their preparation and their use in 
25 the treatment of psychotropic disorders and diseases, such as, but not limited to, 
schizophrenia, as well as proliferative disorders and diseases such as, but not 
limited to, brain tumors, brain metastases, peripheral tumors, MDR cancer and 
other proliferative diseases, and as chemosensitizers. 
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The principles and operation of the chemical conjugates according to the 
present invention may be better understood with reference to the drawings and 
accompanying descriptions. 

Before explaining at least one embodiment of the invention in detail, it is 
5 to be understood that the invention is not limited in its application to the details 
of construction and the arrangement of the components set forth in the 
following description or illustrated by the examples. The invention is capable 
of other embodiments or of being practiced or carried out in various ways. 
Also, it is to be understood that the phraseology and terminology employed 
10 herein is for the purpose of description and should not be regarded as l imiting. 

While conceiving the present invention, it was hypothesized that a 
chemical conjugate covalently coupling a psychotropic drug (which may have 
also anti-proliferative and/or chemosensitization activity) and a GABA agonist 
or an anti-proliferative agent could exert high psychotropic and/or anti- 
15 proliferative therapeutic activity, as well as chemosensitization activity, 
associated with minimized adverse side effects. 

The underlying basis for this hypothesis is as follows: psychotropic 
disorders and diseases in general and psychotic disorders and diseases, such as 
schizophrenia, in particular, are treatable by several types of psychotropic 
20 drugs. However, the administration of the psychotropic drugs is typically 
accompanied by short and long term adverse side effects such as extrapyramidal 
symptoms (mainly induced by typical anti-psychotics) and agranulocytosis 
(mainly induced by atypical anti-psychotics). The development of these 
adverse side effects, in particular the extrapyramidal symptoms, is attributed to 
25 an induced imbalance in the dopaminergic Dl and D2 receptors and to 
decreased activity of the GABA system in the brain. 

Therefore, it was hypothesized that covalently coupling a psychotropic 
drug with a GABA agonist would result in a chemical conjugate that exerts 
psychotropic activity with minimized side effects. 
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In particular, it was assumed that such a coupling of a psychotropic drug 
and a GABA agonist would be highly beneficial in this respect since it would 
result in a compound that simultaneously exerts a psychotropic activity and a 
GABA-increased activity. 
5 An increase of the GABA system activity, which is presently achieved 

by the administration of analgesics, GABA agonists or GABA-like compounds, 
is known to reduce the side effects induced by psychotropic drugs and to further 
provide other therapeutic benefits related to the GABA system (e.g., mood 
stabil^tion and relaxation). GABA agonists are further known to antagonize 

10 the increased sensitivity of dopaminergic receptors induced by psychotropic 
drugs. However, the administration of certain GABA agonists and analgesics is 
limited by their hydrophilic nature. 

Therefore, it was further hypothesized that a chemical conjugate 
obtained by covalently coupling a psychotropic drug and a GABA agonist 

15 would be characterized by (i) synergistic psychotropic and GABA-increased 
activities induced by both the psychotropic drug moiety and the GABA agonist 
moiety; (ii) reduced psychotropics-induced side effects; (iii) improved 
pharmacokinetics with respect to crossing the blood brain barrier of the coupled 
psychotropic drug and the GABA agonist as compared to the parent 

20 compounds; and (iv) higher affinity to dopaminergic receptors in the brain, 
which would result in improved psychotropic activity. 

Moreover, it is known in the art that some psychotropic drugs, in 
particular neuroleptic drugs such as phenothiazines, arc potent anti-proliferative 
agents and can further serve as chemosensittzers "when used in combination 

25 with a chemotherapeutic drug. Therefore it was still further hypothesized that a 
chemical conjugate covalently coupling a psychotropic drug and a chemical 
moiety having anti-proliferative activity would exert even higher anti- 
proliferative and/or chemosensitization activity. Such chemical conjugate could 
be highly beneficial in the treatment of proliferative disorders and diseases, 
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especially in the brain, due to the affinity of the psychotropic derivative toward 
brain receptors and its improved brain pharmacokinetics. 

While reducing the present invention to practice, as is further 
exemplified in the Examples section that follows, it was found that covalently 
5 coupling a psychotropic drug and a chemical moiety selected so as to reduce 
side effects induced by the psychotropic drug, such as a GABA agonist, or 
selected so as to exert antiproliferative activity, results in chemical conjugates 
that are synergistic^ ly characterized by (i) minimized adverse side effects; (ii) 
high psychotropic activity; (iii) high anli-proliferdtive activity; (vi) high 
10 chemosensitization activity; and (iv) reduced toxicity, all as compared to known 
psychotropic drugs. The chemical conjugates that include a GABA agonist 
were further characterized by synergistic psychotropic and GABA induced 
activities. 

Thus, the chemical conjugates are used according to the present 
15 invention to treat psychotropic disorders and diseases as well as proliferative 
disorders and diseases, as anti-proliferative agents and/or as chemosensitizers. 
Each of the chemical conjugates which are used to treat psychotropic and/or 
proliferative disorders and diseases according to the present invention includes 
a first chemical moiety that is covalently linked to a second chemical moiety. 
20 The first chemical moiety is a psychotropic drug residue, whereas the second 
chemical moiety is an organic acid, selected so as to reduce side effects induced 
by the psychotropic drug when administered per se and/or to exert anti- 
proliferative activity. 

As used herein, the term "chemical moiety" refers to a residue^erived 
25 from a chemical compound, which retains its functionality. 

The term "residue" refers herein to a major portion of a molecule which 
is covalently linked to another molecule, as is well accepted in the art. 

Thus, the phrase "psychotropic drug residue" refers to a major portion of 
a psychotropic drug that is covalently linked to another chemical moiety, as this 
30 term is defined hereinabove. 
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As is described hereinabove, the phrase "psychotropic drug" 
encompasses any agent or drug that exerts an activity in the central nervous 
system and thereby can be used in the treatment of various central nervous 
system diseases or disorders. 
5 Hence, psychotropic drug residues, according to the present invention, 

include, for example, residues derived from anxiolytic drugs such as, but not 
limited to, benzodiazepines, phenothiazines and butyrophenones, MAO 
inhibitors, anti-depressants anti-convulsive drugs (also referred to as anti- 
convulsants), antiparkinsonian drugs, and acetylcholine esterase inhibitors, 
10 The psychotropic drugs can be tricyclic, bicyclic or monocyclic. 

According to a preferred embodiment of the present invention, the 
psychotropic drug residues are preferably derived from anti-psychotic drugs, 
including typical and atypical psychotic drugs. 

Particularly preferred psychotropic drugs, according to the present 
15 invention, tire those having an amine group, a thiol group or an hydroxyi group, 
as these terms are defined hercinbelow, which can be reacted with the organic 
acid or a reactive derivative thereof. Such groups can be present in the 
psychotropic drug either as a free functional group or as a part of another 
functional group, e.g., an amide group, a carboxylic acid group and the like, as 
20 these terms are defined hereinbelow. 

Representative examples of residues of such psychotropic drug residues, 
include, without limitation, a cblorpromazine residue, a perphenazine residue, a 
fluphenazinc residue, a zuclopenthixol residue, a thiopropazate residue, a 
haloperidol residue, a benperidol residue, a bromperidol residue, a droperidol 
25 residue, a spiperone residue, a pimozide residue, a piperacetazine residue, an 
amilsulpride residue, a sulpiride residue, a clotliiapine residue, a ziprasidone 
residue, a remoxipride residue, a sultopride residue, an alizapride residue, a 
nemonapride residue, a clozapine residue, an olanzapine residue, a ziprasidone 
residue, a sertindole residue, a quetiapine residue, a fluoxetine residue, a 
30 fluvoxamine residue, a desipramine residue, a paroxetine residue, a sertraline 
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residue, a valproic acid residue a tcmazepam residue, a flutemazepam residue, a 
doxefazepam residue, an oxazepam residue, a lorazepam residue, a 
lormetazepam residue, a cinolazepam residue, a flutazolam residue, a 
lopirazepam residue, a meprobamate residue, a carisoprodol residue, an 
5 acetophenazine residue, a carphenazine residue, a dixyrazinc residue, a 
priciazine residue, a pipothiazine residue, a homophenazine resdiue, a 
perimetazine residue, a perthipentyl residue, a flupentixol residue, a piflutixol 
residue, a teftutixol residue, an oxypethepin residue, a trifluperidol residue, a 
penfluridol residue, a rneclobemide residue, a norclomipramine residue, an 

10 amoxapine residue, a nortriptyline residue, a protriptyline residue, a reboxetine 
residue, a lacrine residue, a rasagiline residue, an amatadine residue, a 
phenobarbital residue and a phenytoin residue. 

According to a preferred embodiment of the present invention, the 
psychotropic drug residue further exerts anti-proliferative activity. Such dual 

15 active psychotropic drugs include, for example, phenothiazines and derivatives 
thereof. 

According to another preferred embodiment of the present invention, the 
psychotropic drug residue further exerts chemosensitization activity. Such dual 
active psychotropic drugs include, for example, phenothiazines and derivatives 
20 thereof, thioxanthencs and derivatives thereof, clozapine, clomipramine and 
paroxetine. 

As used herein, the term "chemosensitization" means an increase or an 
enhancement of the measured cytotoxicity of a chemotherapeutic agent on 
cancer cells, particularly multidrug resistant cancer cells, in the presence of a 
25 chemosensitizing agent, as is compared to the level of cytotoxicity exerted by 
the chemotherapeutic agent in the absence of the chemosensitizing agent. 

The terms "chemosensitizing agent" and "chemosensitizer", which are 
used herein interchangeably, describe compounds that render cancer cells more 
sensitive to chemotherapy. 
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As stated hereinabove, the psychotropic drug residue, according to the 
present invention, is covalcntly coupled to a second chemical moiety, which is 
an organic acid residue. 

The phrase "organic acid residue" refers to a residue, as defined herein, 
5 that is derived from an organic acid that includes a free carboxylic group. 

The term "free carboxylic group" includes a "-C(=0)OH" group cither as 
is, in its protonated or in its ionized or salt state. 

The organic acid residue, according to the present invention, is selected 
so as to either reduce the side effects that could be induced by the psychotropic 
10 drug if administered alone or to exert antiproliferative activity. The organic 
acid residue, according to the present invention, can be, for example, a residue 
that has a general formula -R-C(K))-, where R can be, for example, a 
hydrocarbon residue that has 1-20 carbon atoms. 

The term "'hydrocarbon" as used herein refers to an organic compound 
15 thai includes, as its basic skeleton, a chain of carbon atoms and hydrogen atoms 
that are covalently linked. 

Thus, the hydrocarbon residue according to the present invention can be 
alkyl or cycloalkyl. 

As used herein, the term "alkyl" refers to a saturated aliphatic 
20 hydrocarbon including straight chain and branched chain groups. Preferably, 
the alkyl group has 1 to 20 carbon atoms. 

Whenever a numerical range, e.g., "1-20", is stated herein, it means that 
the group, in this case the alkyl group, may contain 1 carbon atom, 2 carbon 
atoms, 3 carbon atoms, etc., up to and including 20 carbon atoms. More 
25 preferably, the alkyl is a medium si2e alkyl having 1 to 10 carbon atoms. Most 
preferably, the alkyl has 3 to 5 carbon atoms. 

As used herein, the term "cycloalkyl" includes an all-carbon monocyclic 
or fused ring (i.e., rings which share an adjacent pair of carbon atoms) group 
wherein one of more of the rings does not have a completely conjugated pi- 
30 electron system. Examples, without limitation, of cycloalkyl groups include 
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cyclopropane, cyclobutanc, cydopentane, cyclopentene, cyclohexane, 
cyclohexadiene, cyclohcptane, cycloheplatriene and adamantanc. 

The hydrocarbon residue, according 10 die present invention, can be 
straight or branched. The hydrocarbon residue can further be saturated or 
5 unsaturated. When unsaturated, the hydrocarbon residue can include a double 
bond or a triple bond in its carbon chain. An unsaturated hydrocarbon residue 
can further include an aryl. 

As used herein, an "aryl" group refers to an all-carbon monocyclic or 
fused-ring polycyclic (i.e., rings which share adjacent pairs of carbon atoms) 
10 groups having a completely conjugated pi-electron system. Examples, without 
limitation, of aryl groups include phenyl, naphthalenyl and anthracenyl. 

The hydrocarbon residue can further be substituted or non-substituled. 
When substituted, the substituent can be, for example, alkyl, cycloalkyl, aryl, 
heteroaryl, heteroalicyclic, hydroxy, alkoxy, aryloxy, cyano, halo, oxo, amido 
1 5 and amino. 

A "heteroaryl" group refers to a monocyclic or fused ring (i.e., rings 
which share an adjacent pair of atoms) group having in the ring(s) one or more 
atoms, such as, for example, nitrogen, oxygen and sulfur and, in addition, 
having a completely conjugated pi-electron system. Examples, without 

20 limitation, of heteroaryl groups, include pyrrole, fiirane, thiophene, imidazole, 
oxazole, thiazole, pyrazolc, pyridine, pyrimidine, quinoline, isoquinoline and 
purine. The heteroaryl group may be substituted or non-substituted. When 
substituted, the substituent group can be, for example, alkyl, cycloalkyl, 
hydroxy, alkoxy, aryloxy, cyano, halo, oxo, amido and amino. 

25 A "heteroalicyclic" group refers to a monocyclic or fused ring group 

having in the ring(s) one or more atoms such as nitrogen, oxygen and sulfur. 
The rings may also have one or more double bonds. However, the rings do not 
have a completely conjugated pi-electron system. The heteroalicyclic may be 
substituted or non-substituted. When substituted, the substituted group can be, 
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for example, alkyl, cycloalkyl, aryl, heteroaryl, halo, trihalomethyl, hydroxy, 
alkoxy, aryloxy, cyano, oxo, amido and amino. 
A "hydroxy" group refers to an -Oil group. 

An "alkoxy" group refers to both an -O-alkyl and an -O-cycloalkyl 
5 group, as defined herein. 

An M aryloxy" group refers to both an -O-aryl and an -O-heteroaryl group, 
as defined herein. 

An "oxo" group refers lo a -CCO^R 1 group, where R' can be, for 
example, alkyl, cycloalkyl or aryl. 
10 A "halo" group refers to fluorine, chlorine, bromine or iodine. 

A "trihalomethyl" group refers lo a -CX 3 - group wherein X is a halo 
group as defined herein. 

An "amino' 1 or "amine" group refers to a -NH 2 group. 

An "amido" or "amide" group refers to a -C(=0)-NR tI R b group, where 
15 and can be, for example, hydrogen, alkyl, cycloalkyl and aryl 

The hydrocarbon residue, according to the present invention, can further 
include one or more heteroatoms interspersed within its chain. The heteroatoms 
can be, for example, oxygen, nitrogen and/or sulfur. 

The hydrocarbon residue can further be a residue that has a general 
20 formula -Z-C(K))0-CIIR2-R3, where Z can be, for example, a single bond or a 
substituted or non-substituted hydrocarbon residue as described hereinabove; R 2 
can be, for example, hydrogen or an alkyl residue having 1-10 carbon atoms; 
and R 3 can be, for example, hydrogen or a hydrocarbon residue as defined 
hereinabove. 

25 Thus, representative examples of organic acids from which an organic 

acid residue according to the present invention can be derived include oxalic 
acid, malonic acid, succinic acid, glutaric acid, maleic acid, fumaric acid, 
phthalic acid, isophthaiic acid, tetraphthalic acid, butyric acid, 4-pheny I butyric 
acid, 4-aminobutyric acid (GABA), valeric acid, propionic acid, retinoic acid, 

30 acetyl salicylic acid and ibuprofen. 
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According to a presently most preferred embodiment of the present 
invention, the second chemical moiety of the chemical conjugates is a GABA 
agonist residue. 

As used herein, the phrase "GABA agonist residue" refers to a residue, 
5 as this term is defined hereinabove, of a GABA agonist, while the term "GABA 
agonist" describes compounds that are capable of activating the GABA system 
in Hie brain and are therefore pharmacologically related to GABA. The term 
"GABA agonist" is hence understood to include GABA itself, whereas the term 
"GABA agonist residue" is hence understood to include a residue of GABA 
10 agonist itself. 

Thus, GABA agonist residues, according to the present invention, 
include, in addition to the GABA (y-aminobutyric acid) residue itseir, residues 
of other GABA agonisl which can be covalently coupled to an anti-psychotic 
drug. 

15 Examples of such GABA agonists residues include a (±) baclofen 

residue, an isonipecotic acid residue, a y-hydroxybutyric acid residue, an 
aminooxyacetic acid residue, a p-(4-chlorophenyl)-y-aminobutyric acid residue, 
a piperidine-4-sulfonic acid residue, an 3-aminopropylphosphonous acid 
residue, an 3-aminopropylphosphinic acid residue, an 3- 

20 (aminopropyl)mcthylphosphinic acid residue, a 1- 

(aminomcthyl)cyclohexaneacetic acid residue (gabapentin), an 4-amino-5- 
hexenoic acid (y-vinyl GABA, vigabatrin) and an 3-(2-imidazolyl)-4- 
aminobutanoic acid residue. 

According to another presently preferred embodiment of the invention, 

25 the second chemical moiety in the chemical conjugates of the present invention 
is tin antiproliferative agent residue. 

The term "antiproliferative agent residue", as used herein, refers to a 
residue, as defined herein, of a compound characterized by an anti-proliferativc 
activity. 
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According to a preferred embodiment of the present invention, the anti- 
proliferative agent is butyric acid or 4-phenylbutyric acid. T hese compounds 
are known to exert anti-cancer activity and are farther characterized as 
compounds of which GABA is a derivative and may therefore further act as 
5 GABA mimetic agents. 

According to another preferred embodiment of the present invention, the 
second chemical moiety in the chemical conjugates of the present invention is 
an analgesic. 

The incorporation of analgesics in the chemical conjugates of the present 
10 invention may also provide for dual pharmacological activity, namely, 
psychotropic activity and pain relief Furthermore, the presently known 
analgesics typically sutler many disadvantages such as poor pharmacokinetics 
and adverse side effects, e.g. significant convulsive effects, oftentimes 
associated with systemic administration thereof Conjugation of analgesics with 
15 psychotropic agents can therefore improve their pharmacokinetics and reduce 
these side affects. Moreover, it is well accepted in the art that some analgesics 
are associated GABA activity. 

Thus, the second chemical moiety of the chemical conjugates of the 
present invention include an organic acid residue, which is preferably a GABA 
20 agonist residue, an analgesic residue or an anti-prol iterative agent residue as 
these terms are defined and exemplified hereinabove. 

The second chemical moiety in the chemical conjugates of the present 
invention is covalently linked to the first chemical moiety preferably via an 
ester bond. The ester bond can be a carboxylic ester bond, an oxyalkyl 
25 carboxylic ester bond, an amide bond or a thioester bond. 

As used herein, the phrase "carboxylic ester bond" includes an u -0- 
C(=0)-" bond. 

As used herein, the phrase "oxyalkyl carboxylic ester bond" includes an 
"0-R-0-C(=0)- 5 ' bond, where R is an alkyl, as defined hereinabove. Preferably 
30 R is methyl. 
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The plirase "amide bond" includes a i£ -NH-C(K))-" bond. 

The phrase "thioester bond" includes a ct -SH-C(=0)-" bond. 

Such ester bonds are known to be hydrolizable by brain derived 
enzymes, such as esterases and amidases, and it is therefore assumed and 
5 further demonstrated by the experimental results described herein (sec, for 
example, Figures 5a-b) that the chemical conjugates of the present inventions 
act as prodrugs that are metabolized in the brain and thereby simultaneously 
release the psychotropic drug and the organic acid, thas, providing for 
advantageous co-pharmacokinetics for the psychotropic drug and the organic 
10 acid. 

This process is highly advantageous since it provides (i) a simultaneous 
action of the psychotropic drug and the organic acid, which synergistically 
results in reduced side effects induced by the drug and in dual activity of both 
moieties; (ii) higher affinity of the prodrug to the dopaminergic receptors which 

15 results in synergistically higher psychotropic activity and synergistically higher 
antiproliferative activity toward brain proliferative disorders; and (iii) 
improved brain permeability of both chemical moieties. 

In another aspect, the present invention further provides a method of 
synthesizing the chemical conjugates described hereinabove. The method is 

20 effected, generally, by reacting an organic acid with a psychotropic drug, so as 
to obtain a residue of the organic acid covalently linked to a residue of the 
psychotropic drug. 

Herein, the terms "a residue of an organic acid" and "a residue of a 
psychotropic drug" are equivalent to the terms "organic acid residue" and 

25 "psychotropic drug residue", respectively, as these terms are defined 
hereinabove. It should be evident to a skilled artisan that by reacting an organic 
acid and a psychotropic drug, to thereby form a covalent link therebetween, a 
final product that includes residues of die organic acid and the psychotropic 
drug is produced. 
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Hence, the organic acid thai is reacted in the method of this aspect of the 
present invention, includes any compound that corresponds to the organic acid 
residue described hereinabove and can therefore include all the organic acids 
from which the organic acid residues described hereinabove are derived. 
5 For example, organic acids that are usable in the context of this aspect of 

the present invention include GABA agonists which correspond to the preferred 
GABA agonist residues described hereinabove. Similarly, the organic acids can 
include anti-proliferating agents, such as butyric acid and 4-phenylbutyric acid, 
which correspond to the anti-proliferating agent residues described hereinabove. 

10 In the same manner, the psychotropic drug that is reacted in the method 

according to this aspect of the present invention corresponds to any of the 
psychotropic drug residues described hereinabove. 

The method of synthesizing the chemical conjugates of the present 
invention, described hereinabove, can be further manipulated in accordance 

15 with the type of the organic acid used and/or the type of the covalent linkage 
between the organic acid residue and the psychotropic drug residue. 

As is discussed in detail hereinabove, preferred organic acids according 
to the present invention include, for example, anti-proliferating agents such as 
butyric acid and derivatives thereof, organic acids that have the general formula 

20 R-C(=0>OH (corresponding to the organic acid residue R-(C=0)-0), and 
others. Most of these preferred organic acids do not include a free amino group 
and can therefore be used in the synthesis of the present invention without 
further manipulations. 

As is further discussed in detail hereinabove, in the chemical conjugates 

25 of the present invention, the organic acid residue and the psychotropic drug 
residue are covalently linked by an ester bond that can be either a carboxylic 
ester bond, an alkyloxy carboxylic ester bond, a thioester bond or an amide 
bond, as these terms are defined hereinabove. 

In cases where the residues are covalently linked via a carboxylic aster 

30 bond, the method of synthesizing the chemical conjugates of the present 
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invention is preferably effected by first converting the organic acid into its 
corresponding acyl chloride derivative, or any other acyl halide derivative, so as 
to activate the organic acid. The acyl chloride derivative is thereafter reacted 
with the psychotropic drug, which typically includes a free hydroxyl group, in a 

5 well-known nucleophilic-addition reaction, so as to obtain the desired chemical 
conjugate having the organic acid residue covalently linked to the psychotropic 
drug residue via a carboxylic ester bond. This reaction is preferably performed 
under basic conditions, so as to activate the psychotropic drug and/or to 
neutralize compounds that are present as their hydrochloride salts. However, 

10 the organic acid and/or the psychotropic drug can be activated by any other 
known method. 

In cases where the residues are covalently linked via a thiocster bond, the 
meihod of synthesizing the chemical conjugates of the present invention is 
preferably effected by converting the psychotropic drug into its corresponding 

15 thiol derivative and converting the organic acid into its corresponding acyl 
chloride derivative, or into any other activated derivative thereof The thiol 
derivative is thereafter reacted with the activated organic acid, by well-known 
procedures, so as to obtain the desired chemical conjugate having the organic 
acid residue covalently linked to the psychotropic drug residue via a thioester 

20 bond. It should be noted that some of the presently known psychotropic drugs 
include a free thiol group and therefore such drugs can be directly reacted with 
an acyl chloride derivative ol the organic acid. Psychotropic drugs that do not 
include a free thiol group can be easily reacted so as to obtain a thiol derivative 
thereof, by methods well known in the art. 

25 In cases where the residues are covalently linked via an amide bond, the 

method of synthesizing the chemical conjugates of the present invention is 
preferably effected by first converting the organic acid into its corresponding 
acyl chloride derivative, so as to activate the organic acid and by further 
converting the psychotropic drug into an amine derivative thereof The acyl 

30 chloride derivative is thereafter reacted with the amino group of the 
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psychotropic drug, in a well-known nucleophilic-addition reaction, or by any 
other of the known procedures for producing an amide bond, so as to obtain the 
desired chemical conjugate having the organic acid residue covalently linked to 
the psychotropic drug residue via an amide bond. It should be noted that some 
5 of the presently known psychotropic drugs include a free amine group and 
therefore such drugs can be directly reacted with an acyl chloride derivative of 
the organic acid. Psychotropic drugs that do not include a free aminc*gr° u P can 
be easily reacted so as to obtain an amine derivative thereof, by methods well- 
known in the art. 

10 In cases where the residues are covalently linked via an alkyloxy 

carboxylic ester bond, the method of synthesizing the chemical conjugates of 
the present invention is preferably effected by convening the psychotropic drug 
into a chloroalkyl ester derivative thereof, preferably chloromethyl ester 
derivative thereof. The chloromethyl ester derivative is thereafter reacted with 

15 the organic acid, in a well-known nucleophilic-addition reaction, or by any 
other of the known procedures for producing an alkyloxy carboxylic ester bond, 
so as to obtain the desired chemical conjugate having the organic acid residue 
covalently linked to the psychotropic drug residue via an alkyloxy carboxylic 
ester bond. It should be noted that covalently linking the organic acid and the 

20 psychotropic drug via an alkyloxy carboxylic ester bond is particularly 
preferred in cases where the psychotropic drug includes a free carboxylic acid 
group, since it avoids the formation of the typically unstable anhydride 
conjugate. 

The methods described above are typically effective when the organic 
25 acid does not have a free amino group. However, in cases where the organic 
acid includes a free amino group, as is the case of GABA agonists, for example, 
the amino group should be protected during the described reaction with 
psychotropic drug. Protecting the free amino group is required since it is a 
relatively chemically active group, which can therefore undesirably participate 
30 in the reaction. 
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Hence, a preferred method of synthesizing chemical conjugates that 
include a GABA agonist residue having a free amino group is preferably 
effected by first protecting the free amino group. Protecting the amino group 
can be performed by reacting die organic acid with a known protecting group 

5 such as, but not limited to, tert-butoxycarbonyl (Boc) and benzyloxycarbonyl 
(Cbz). The amino-protected organic acid is then reacted with the anti-psychotic 
drug, so as to obtain an ammo-protected organic acid residue covalently linked 
to the psychotropic drug residue. The protecting group is then removed. 
Further preferably, the amino-protected organic acid is converted to its acyl 

10 imidazole derivative, so as to activate the organic acid prior to the reaction with 
the psychotropic drug. 

Further according to the present invention there is provided a 
pharmaceutical composition including the chemical conjugate of the invention 
as an active ingredient. 

15 As used herein a "pharmaceutical composition" refers to a preparation of 

one or more of the chemical conjugates described herein, with olher chemical 
components such as pharmaceutical^ suitable carriers and excipients. The 
purpose of a pharmaceutical composition is to facilitate administration of a 
compound to a subject. 

20 Hereinafter, the term "pharmaceutically acceptable carrier" refers to a 

carrier or a diluent that does not cause significant irritation to a subject and does 
not abrogate the biological activity and properties of the administered 
compound. Examples, without limitations, of carriers are propylene glycol, 
saline, emulsions and mixtures of organic solvents with water. 

25 Herein the term "excipient" refers to an inert substance added to a 

pharmaceutical composition to further facilitate administration of a compound. 
Examples, without limitation, of excipients include calcium carbonate, calcium 
phosphate, various sugars and types of starch, cellulose derivatives, gelatin, 
vegetable oils and polyethylene glycols. 
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According to a preferred embodiment of the present invention, the 
pharmaceutical carrier is an aqueous solution of lactic acid. 

in this respect, it should be pointed out that some of the chemical 
conjugates of the present invention, according to preferred embodiments, are 
readily soluble in aqueous media and are therefore easily formulated. Such 
convenient formulation provides an additional advantage of the chemical 
conjugates of the present invention over the known ester conjugates of anti- 
psychotic drugs, which typically include long-chain fatty acids and arc therefore 
non-soluble in aqueous media and administered as oily formulation. 

Techniques for formulation and administration of drugs may be found in 
"Remington's Pharmaceutical Sciences," Mack Publishing Co., Easton, PA, 
latest edition, which is incorporated herein by reference. 

Suitable routes of administration may, for example, include oral, rectal, 
transmucosal, transdermal, intestinal or parenteral delivery, including 
15 intramuscular, subcutaneous and intramedullary injections as well as 
intrathecal, direct intraventricular, intravenous, intraperitoneal, intranasal, or 
intraocular injections. Pharmaceutical compositions of the present invention 
may be manufactured by processes well known in the art, e.g., by means of 
conventional mixing, dissolving, granulating, dragee-making, levigating, 
20 emulsifying, encapsulating, entrapping or lyophilizing processes. 

Pharmaceutical compositions for use in accordance with the present 
invention thus may be formulated in conventional manner using one or more 
pharmaceutical^ acceptable cairiers comprising excipients and auxiliaries, 
which facilitate processing of the active compounds into preparations which can 
25 be used pharmaceutical^. Proper formulation is dependent upon the route of 
administration chosen. 

For injection, the chemical conjugates of the invention may be 
formulated in aqueous solutions, preferably in physiologically compatible 
buffers such as Hank's solution, Ringer's solution, or physiological saline 
30 buffer with or without organic solvents such as propylene glycol, polyethylene 
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glycol. For transmural administration, penetrants are used i„ the formulation. 
Such penetrants are generally known in the art. 

For oral administration, the chemical conjugates can be formulated 
readily by combining the active compounds with pharmaceutical^ acceptable 
carriers well known in the art. Such carriers enable the conjugates of the 
•ovation to be formulated as tablets, pills, dragees, capsules, liquids, gels, 
syrups, slurries, suspensions, and the like, for oral ingestion by a patient.' 
Pharmacological preparations for oral use can be made using a solid excipient, 
optionally grinding the resulting mixture, and processing the mixture of 
granules, after adding suitable auxiliaries if desired, to obtain tablets or dragee 
cores. Suitable excipients are, in particular, fillers such as sugars, including 
lactose, sucrose, mannitol, or sorbitol; cellulose preparations such as, lor 
example, maize starch, wheat starch, rice starch, potato starch, gelatin, gum 
tragacanth, methyl cellulose, hydroxypropylmethyl-cellulose, sodium 
15 carbomethylcellulose and/or physiologically acceptable polymers such as 
polyvinylpyrrolidone (PVP). If desired, disintegrating agents may be added, 
such as cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof 
such as sodium alginate. 

Dragee cores are provided with suitable coatings. For this purpose, 
20 concentrated sugar solutions may be used which may optionally contain gum 
arabic, talc, polyvinyl pyrrolidone, carbopol gel, polyethylene glycol, titanium 
dioxide, lacquer solutions and suitable organic solvents or solvent mixtures. 
Dyestuffs or pigments may be added to the tablets or dragee coatings for 
identification or to characterize different combinations of active compound 
25 doses. 

Pharmaceutical compositions, which can be used orally, include push-fit 
capsules made of gelatin as well as soft, sealed capsules made of gelatin and a 
plasticizer, such as glycerol or sorbitol. The push-fit capsules may contain the 
active ingredients in admixture with filler such as lactose, binders such as 
30 starches, lubricants such as talc or magnesium stearate and, optionally, 
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-stabilizers. In soft capsules, the active compounds may be dissolved or 
suspended in suitable liquids, such as fatty oils, liquid paraffin, or liquid 
polyethylene glycols. In addition, stabilizers may be added. AH formulations 
for oral administration should be in dosages suitable for the chosen route of 
5 administration. 

For buccal administration, the compositions may take the form of tablets 
or lozenges formulated in conventional manner. 

For administration by inhalation, the chemical conjugates for use 
according to the present invention are conveniently delivered in the form of an 
10 aerosol spray presentation from a pressurized pack or a nebulizer with the use 
of a suitable propellant, e.g., dichlorodifluoromethane, trichlorofluoromethane, 
dichloro-tetrafluoroethane or carbon dioxide. In the case of a pressurized 
aerosol, the dosage unit may be determined by providing a valve to deliver a 
metered amount. Capsules and cartridges of, e.g., gelatin for use in an inhaler 
1 5 or insufflator may be formulated containing a powder mix of the compound and 
a suitable powder base such as lactose or starch. 

The chemical conjugates described herein may be formulated for 
parenteral administration, e.g., by bolus injection or continuous infusion. 
Formulations for injection may be presented in unit dosage form, e.g., in 
20 ampoules or in multidose containers with optionally, an added preservative. 
The compositions may be suspensions, solutions or emulsions in oily or 
aqueous vehicles, and may contain formulatory agents such as suspending, 
stabilizing and/or dispersing agents. 

Pharmaceutical compositions for parenteral , administration include 
25 aqueous solutions of the active compound in water-soluble form. Additionally, 
suspensions of the active compounds may be prepared as appropriate oily 
injection suspensions. Suitable lipophilic solvents or vehicles include fatty oils 
such as sesame oil, or synthetic fatty acids esters such as ethyl oleate, 
triglycerides or liposomes. Aqueous injection suspensions may contain 
30 substances, which increase the viscosity of the suspension, such as sodium 



25/03 04 THU 18:06 FAX 972 3 6127575 



G. £. EHRLICH 



(21040, 



carboxymcthyl cellulose, sorbitol or dextran. Optionally, the suspension may 
also comam suitable stabilizers or agents which increase the solubility of the 
conjugates to allow for the preparation of highly concentrated solutions. 

Alternatively, the active ingredient may be in powder form for 
constitution with a suitable vehicle, e.g., sterile, pyrogen-frce water, before use. 

The chemical conjugates of the present invention may also be formulated 
in rectal compositions such as suppositories or retention enemas, using, e.g., 
conventional suppository bases such as cocoa butter or other glycerides. 

The pharmaceutical compositions herein described may also comprise 
suitable solid of gel phase carriers or excipients. Examples of such carriers or 
cxcipiems include, but arc not limited to, calcium carbonate, calcium phosphate, 
various sugars, starches, cellulose derivatives, gelatin and polymers such as 
polyethylene glycols. 

Pharmaceutical compositions suitable for use in context of the present 
invention include compositions wherein the active ingredients are contained in 
an amount effective to achieve the intended purpose. More specifically, a 
therapeutically effective amount means an amount of chemical conjugate 
effective to prevent, alleviate or ameliorate symptoms of disease or prolong the 
survival of the subject being treated. 

Determination of a therapeutically effective amount is well within the 
capability of those skilled in the art, especially in light of the detailed disclosure 
provided herein. 

For any chemical conjugate used in the methods of the invention, the 
therapeutically effective amount or dose can be estimated initially from activity 
assays in cell cultures and/or animals. For example, a dose can be formulated in 
animal models to achieve a circulating concentration range that includes the 
IC50 as detennined by activity assays (e.g., the concentration of the test 
compound, which achieves a half-maximal inhibition of the proliferation 
activity). Such information can be used to more accurately determine useful 
30 doses in humans. 
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Toxic.* and therapeutic efficacy of the chemical conjugates described 
herein can be determined by standard pharmaceutical procedures in 
experimental animals, e.g., by determining the IC50 and the LD50 (lethal dose 
causing death in 50 % of the tested animals) for a subject compound. The data 
obtamed from these activity assays and animal studies can be used in 
formulating a range of dosage for use in human. 

The dosage may vary depending upon the dosage form employed and the 
route of administration utilized. The exact formulation, route of administration 
and dosage can be chosen by the individual physician in view of the patient's 
condition. (See e.g., Fingl, et ah, 1975, in "The Pharmacological Basis of 
fherapeutics", Ch. 1 p.l). 

Dosage amount and interval may be adjusted individually to provide 
Plasma levels of the active moiety which are sufficient to maintain the 
psychotropic and/or the anti-prol iterative effects, termed the minimal effective 
concentration (MEC). 7ne MEC will vary for each preparation, but can be 
estimated from /„ vitro and/or in vivo data, e.g., the concentration necessary to 
achieve 50-90 % inhibition of a proliferation of certain cells may be ascertained 
using the assays described herein. Dosages necessary to achieve the MEC will 
depend on individual characteristics and route of administration. HPLC assays 
or bioassays can be used to determine plasma concentrations. 

Dosage intervals can also be determined using the MEC value 
Preparations should be administered using a regimen, which maintains plasma 
levels above the MEC for 10-90 % of the time, preferable between 30-90 % and 
most preferably 50-90 %. 

Depending on the severity and responsiveness of the condition to be 
treated, dosing can also be a single administration of a slow release composition 
described hereinabove, with course of treatment lasting from several days to 
several weeks or until cure is effected or diminution of the disease state is 
achieved. 



15 
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The amount of a composition to be administered will, 0 f course be 
dependent on the subject being treated, the severity of the affliction, the manjier 
of admmistration, the judgment of the prescribing physician, etc 

Compositions of the present invention may, if desired, be presented in a 
pack or dispenser device, such as a FDA approved kit, which may contain one 
or more unit dosage forms containing the active ingredient. The pack may, for 
example, comprise metal or plastic foil, such as a blister pack. The pack or 
dispenser device may be accompanied by instructions for administration. The 
pack or dispenser may also be accompanied by a notice associated with the 
container in a form prescribed by a governmental agency regulating the 
manufacture, use or sale of pharmaceuticals, which notice is reflective of 
approval by the agency of the form of the compositions or human or veterinary 
admmistration. Such notice, for example, may be of labeling approved by the 
U.S. Food and Drug Administration for prescription drugs or of an approved 
product insert. Compositions comprising a chemical conjugate of die invention 
formulated in a compatible pharmaceutical carrier may also be prepared, placed 
in an appropriate container, and labeled for treatment of an indicated condition. 
Suitable conditions indicated on the label may include, for example, 
psychotropic disease or disorders such as schizophrenia, paranoia, childhood 
psychoses, Huntington's disease, Gilles de la Tourette's syndrome, depression, 
manic depression, anxiety, Parkinson disease, Alzheimer disease and epilepsy, 
brain proliferative disorders and MDR cancer, and chemosensitization, as this 
term is defined hereinabove. 

Hence, according to preferred embodiments of the present invention, the 
pharmaceutical composition is packaged in a packaging material and is 
identified in print, on or in the packaging material, for one or more of die 
following uses: for use in the treatment of psychotropic disorders or diseases, 
for use in the treatment of brain or peripheral proliferative disorders or diseases, 
for use in the treatment of cancer such as MDR cancer and for use in 
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chemosensitization, in combination with a chemotherapeutic agent and/or in a 
medical condition for which chemosensitization is beneficial. 

Further according to the present invention, there is provided a method for 
treating or preventing a psychotropic disorder or disease in a subject (e.g., a 
5 human being). The method is effected by administering a therapeutically 
effective amount of one or more of the chemical conjugates of the invention to a 
treated subject. 

As used herein, the term "method" refers to manners, means, techniques 
and procedures for accomplishing a given task including, but not limited to, 
10 those manners, means, techniques and procedures cither known to, or readily 
developed from known manners, means, techniques and procedures by 
practitioners of the chemical, pharmacological, biological, biochemical and 
medical arts. 

Herein, the term "treating" includes abrogating, substantially inhibiting, 
15 slowing or reversing the progression of a disease, substantially ameliorating 
clinical symptoms of a disease or substantially preventing the appearance of 
clinical symptoms of a disease. 

As used herein, the phrase "psychotropic disorder or disease" refers to a 
disorder or disease characterized by an impairment in the central nervous 
20 system. Examples of psychotropic disorders and diseases that are treatable 
using the chemical conjugates of the invention, include, without limitation, 
psychotic disorders or diseases, anxiety disorders, dissociative disorders, 
personality disorders, mood disorders, affective disorders, neurodegenerative 
diseases or disorders, convulsive disorders, boarder line disorders and mental 
25 diseases or disorders. 

Representative examples of such psychotropic disorders or diseases 
include, without limitation, schizophrenia, paranoia, childhood psychoses, 
Huntington's disease, Gill.es de la Tourette f s syndrome, depression, manic 
depression, anxiety, Parkinson disease, Alzheimer disease and epilepsy. 
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The term ''administering" as used herein refers to a method for bringing 
a chemical conjugate of the present invention into an area or a site in the brain 
that affected by the psychotropic disorder or disease. 

The chemical conjugate of the present invention can be administered 
5 intraperitoneal^. More preferably, it is administered orally. 

The term "subject" refers to animals, typically mammals having a blood 
brain barrier, including human beings. 

The term "therapeutically effective amount" refers to that amount of the 
chemical conjugate being administered which will relieve to some extent one or 
10 more of the symptoms of the psychotic disorder or disease being treated. 

A therapeutically effective amount according to this method of the 
present invention preferably ranges between 0.5 mg/kg body and 50 rng/kg 
body, more preferably between 0.5 mg/kg body and 30 mg/kg body, more 
preferably between 0.5 mg/kg body and 20 mg/kg body and most preferably 
15 between 1 mg/kg body and 10 mg/kg body. 

The present invention is thus directed to chemical conjugates which exert 
psychotropic activity. The chemical conjugates of the present invention are 
highly advantageous since they exert enhanced psychotropic activity and are 
further characterized by minimized adverse side effects induced thereby. 
20 The term "side effects" as used herein refers to adverse symptoms that 

may develop as a result of administering to a subject a certain drug: Such 
symptoms may include, for example, extrapyramidal symptoms, as is detailed 
hereinabove, and are typically associated with the administration of 
psychotropic drugs. 

25 Further according to the present invention, there is provided a method for 

treating or preventing a proliferative disorder or disease in a subject (e.g., a 
human being). The method is effected by administering a therapeutically 
effective amount of one or more of the chemical conjugates of the invention to a 
treated subject. 
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As used herein, the term "proliferative disorder or disease" refers to a 
disorder or disease characterized by cell proliferation. Cell proliferation 
conditions which may be prevented or treated by the present invention include, 
for example, malignant tumors such as cancer and benign tumors. 
5 As used herein, the term "cancer" refers to various types of malignant 

neoplasms, most of which can invade surrounding tissues, and may metastasize 
to different sites, as defined by Stedman's medical Dictionary 25th edition 
(Hensyl ed., 1990). Examples of cancers which may be treated by the chemical 
conjugates of the present invention include, but are not limited to, brain and 

10 skin cancers. These cancers can be further broken down. For example, brain 
cancers include glioblastoma multiforme, anaplastic astrocytoma, astrocytoma, 
ependyoma, oligodendroglioma, medulloblastoma, meningioma, sarcoma, 
hemangioblastoma, and pineal parenchymal. Likewise, skin cancers include 
melanoma and Kaposi's sarcoma. Other cancerous diseases treatable using the 

15 chemical conjugates of the present invention include papilloma, biastoglioma, 
ovarian cancer, prostate cancer, squamous cell carcinoma, astrocytoma, head 
cancer, neck cancer, bladder cancer, breast cancer, lung cancer, colorectal 
cancer, thyroid cancer, pancreatic cancer, gastric cancer, hepatocellular 
carcinoma, leukemia, lymphoma, Hodgkin's lymphoma and Burkitt's 
20 lymphoma. 

Other, non-cancerous proliferative disorders are also treatable using the 
chemical conjugates of the present invention. Such non-cancerous proliferative 
disorders include, for example, stenosis, restenosis, in-stent stenosis, vascular 
graft restenosis, arthritis, rheumatoid arthritis, diabetic retinopathy, 

25 angiogenesis, pulmonary" fibrosis, hepatic cirrhosis, atiierosclerosis, 
glomerulonephritis, diabetic nephropathy, thrombic microangiopathy 
syndromes and transplant rejection. 

As is demonstrated in the Examples section that follows, the chemical 
conjugates of the present invention exert high and potent anti-proliferative 

30 activity on a wide variety of cancer cells, including MDR cancer cells. 
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As is further demonstrated in the Examples section lhat follows, the 
chemical conjugates of the present invention further exert chem ©sensitization 
activity when used in combination with various chemotherapcutic drugs. 

Hence, further according to the present invention there is provided a 
5 method of chemosensitization, as this term is defined hereinabove. The method 
is effected by administering to a subject a therapeutically effective amount of 
one or more chemotherapeutic agent(s) and a chemosensitizing effective 
amount of the chemical conjugate of the present invention. 

As used herein, the phrase "chemosensitizing effective amount" 

0 describes an amount sufficient for measurable chemosensitization in the 
presence of therapeutic amounts of a chemotherapeutic agent. 

This method is particularly useful in cases where the subject has MDR 
cancer such as, but not limited to, leukemia, lymphoma, carcinoma or sarcoma. 
According to the present invention the chemotherapeutic agent may be, for 
> example, one of the following: an alkylating agent such as a nitrogen mustard, 
an ethylenimine and a methylmelamine, an alkyl sulfonate, a nitrosourea, and a 
triazene; an antimetabolite such as a folic acid analog, a pyrimidine analog, and 
a purine analog; a natural product such as a vinca alkaloid, an 
epipodophyllotoxin, an antibiotic, an enzyme, a taxane, and a biological 

1 response modifier; miscellaneous agents such as a platinum coordination 
complex, an anthracenedione, an anthracycline, a substituted urea, a methyl 
hydrazine derivative, or an adrenocortical suppressant; or a hormone or an 
antagonist such as an adrenocorticosteroid, a progestin, an estrogen, an 
antiestrogen, an androgen, an antiandrogen, or a gonadotropin-rcleasing 
hormone analog. Preferably, the chemotherapeutic agent is a nitrogen mustard, 
an epipodophyllotoxin, an antibiotic, or a platinum coordination complex. A 
more preferred chemotherapeutic agent is Cisplatin or Vincistine. 

Thus, the present invention teaches novel chemical conjugates of 
psychotropic drugs, which exert higher psychotropic activity, substantially 
lower side effects and lower toxicity than the corresponding non-conjugated 
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psychotropic drugs. These novel conjugates further exert anti-proliferative 
activity and chemosensitization activity and ean be therefore beneficially used 
m the treatment of proliferative disorders either as prodrugs characterized by 
educed side effects, low toxicity and high affinity toward bra. cells or as 
chemosensiuzcrs that are used in combination with chemotherapeutic drugs. 

Additional objects, advantages, and novel features of the present 
invention will become apparent to one ordinarily skilled in the art upon 
examination of the following examples, which are not intended to be limiting. 
Additionally, each of the various embodiments and aspects of the present 
invention as delineated hereinabove and as claimed in the claims section below 
finds experimental support in the following examples. 

EXAMPLES 

Reference is now made to the following examples, which together with 
the above descriptions, illustrate the invention in a non limiting fashion. 

CHEMICAL SYNTHESES AND ANAL YSES 
Exemplary chemical conjugates of the present invention were 
20 synthesized by reacting the psychotropic agents perphenazine, fluphenazine and 
valproic acid with the short-chain fatty acids propionic acid, butyric acid and 
valeric acid and/or with 4-phenylbutyric acid and y-aminobutyric acid (GABA). 
The compounds were prepared in high yields and were isolated as crystalline 
solids, soluble in aqueous 1 % lactic acid. 

Synthesis of chemical conjugates prepared from perphenazine or 
fluphenazine and an organic acid - General Procedure: A mixture of the 
neuroleptic agent perphenazine or fluphenazine (1 equivalent), an acyl chloride 
derivative of a short-chain fatty acid (1.1 equivalents) and, optionally, Et 3 N(2 
equivalents) (used to free starting materials found as their IIC1 salts) in 5-10 ml 
30 dtme%lformamide (DMF) was stirred at room temperature, under nitrogen 



25 
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rtr rr orsanic ,ayK was wasw ^ 5 % ^ 

pTlT MgS °* fi ' tercd ~- » *• desirer, 

5 • and 4 t"T W p eIpheDa21Ile 

chloride (the ac yl cMoride of 4.p„e ny l outvn , acid) were 
«« as desert above . ^ ^ ^ ^ wM > 

gel cW 0graphy , using . mixture of , :10 metliano|:e(hyi acaate ^ 
lie product was obtained as a yellow oil (78 % yield) 

0. J- 5.6 2H, ArNC// 2 ), 4,7 ft y. 5.3 „ z , 2H , Nc * 
(n>,12H,Ar,Ph) ppm . " * ,J0 

"C-NMR (CDCb): 5 - 23 . 25 (CH 2 CH 2 C0 2 ), 26.46 (ArNCH.CHJ 
3,6 (CH.Ph), 35.06 (CH2CO2), 45,0 (ArNCH,, 52,3 (two NCH 2 ) 5 T 

5525 <ArNCHM * 5 ™ (NCH^O), 6,32 
« H6.00 (C, ;C , 0 ). ,22.5, (C 3 ), ,23,5(C.), ,23.S6 (CH 2 C(CH W 

Ph), 128.49(C), 173.33 (COJppm. 
10 MS (CJ, mfti) : m/2 (%) = 55 0 , ?) 

ch.ot.de (the acy, chloride of bntyric acid) were reacted a, described above 
The product was obtained as a yellow oil (74 % yield) and was used without 
further purification. 

' 'H-NMR (CDC,,): 8 - 0.93 ft J. 7.36 Hz, 3H, Me), 1.63 (se*. 7= 7 44 

Hz, 2H. CO**,. 1.95 (uuin, 6.7 Hz. 2H, ArNCH 2 Ctf 2 >, 2.27 ft J = 746 
HA 2H, OWaa 2.43 (m, ,0H, five N C ff 2 ), 2 ,7 ft J - 5.96 Hz, 2H 
NCff 2 CH,0), 3.66 ft 5.96 Hz, 2H, ArNCft), 4,8 ft y- 5 .9 Hz, 7„ 
NCH 2 C^O,,6.66(m,7H,Ar)ppm ' 
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,:> C-NMR (CDCU): 6 = 13 54 <ru m ^ ,0™ ~ 

3,03 45,5 (ArNCH 2 )" 53.09 ^ Z 

(NCH 2 CH 2 0). 1 15.64 (C„ C, 0 ), 122.02 (Cj >, ,22.69 (C,,, ,23 .7 (C 1 ,24 5, 

5 «* ,27 ' 23 < C '>. ™> (WL 127.68 (C, ,33.00 (C, ,44 3(C) ,« 2 
(C, i), 173.37 (C0 2 ) ppm . * 32 (C,!) ' ' 4l5 - 29 

MS (CI, NH 2 ): nr/z (%) , 473 (M*. ,00), 474 (MH* 82 64) 

^Ptony, chloride (th e ac y, MoMt 0{ propjonic acid) ^ 

tafed above. The product was oblained as , ye||ow ^ 

was used without further purification. 

'H-NMR (CDC,-)- g = | n/ t ;_,„„ ,„ 

u ,„ . ' U U2(, - / - 7 53 3ft Me), 1.95 (quint, y= 6.8 

H2,2H,ArNCH 2 C/Y 2 ), 2.32 (,,./= 7.57 H2.2H COW) <■ , 

Nr .„ , , , c0 2 cti i), 2 51 (m, 10H, five 

Mi 2.6, ft y = 5.95 Hz, 2H, NC«,CH 2 0), 3.89 ft y = 6.8 Hz 2H 
■5 ^^^^--9.92Hz,2„,NC„ 2C ^0),6,8( m ,7 H , Ar)ppm ^ 

(CH 2C02 ), 45.18 (ArNCiy, 53.09 (two NCH 2 ), 53.26 (,wo NCH,) 55 32 
(ArNCH 2 CH 2 CH 2 ), 56.50 (Na l2 CH 2 0),6,.63(NCH 2 CH 2 0), 1.567 (C, C,„) 

20 Z 2t ,22 ' 72 «* ' 23 - 30 12 - «* *»* ** -33 S 
20 127.7, (C 4) , ,33.03 (C 2 ), .44.35 (C 12 ), ,46.32 (C„), ,74.24 (CO ; ) ppm 

MS (CI, Nil,): ,a/z (%) - 459 (NOT, 100), 458 (M, 47.63). 

■V^teft of perphenazine valerate (AN 17S) : Pe^henazine and valend 
chtoride (the aoyl chloride of valeric acid) were reacted as described The 
obtained crude residue was purified b y silica ge, ci^natography, using a 
■mature of 7:4 ^ ace , ale:hexane „ eluent ^ produc( ob(ained 

yellowish oil (75 % yield). 

'H-NMR (CDC,,): 5 = 0.86 (,, ,= 7 . 23 Hz, 3H, Me), ,.29 (sex,, J- 6.97 
Hz, 2H, CfliMbX 1 -56 (quint, -/= 7.09 Hz, 2H, C/, 2 C H2 C0 2 ), 1 .87 (quint, y = 
6.79 Hz, 2H. ArN C H 2 a, 2 ), 2.26 ft 1-7.64 Hz, 2H, 0*00* 2.37 (m , ,0H, 
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fiVe NC *>- ft J - 5.93 Hz. 2H ArNC/f , 4 u / , 

NCH^o,, ,53-7,4 (m , 7H , 4 M J • * * 

(oJmTL^ 5 " ,3 ' 5 ' TO >' 22 <« W 23 89 
(CH 2 CH 2 Me), 26.82 (ArNCH 2 CH 2 ) 33 80 trt* 

«I 42 (NCH 2 CH 2 0), ,„. 68(q , JS^f******* 0 ** 
3-" * Q), .22.85 (C „ , 3 7, (C ^' ' ^ m ' 74 ^ 

<«* M, 51 (Cl!) , I73 , 5 (c i !)ppm 4 <* ^ 32 ^ <*> « .44.0. 
10 MS (CI/NHJ: mfe W , 522 (Mir _ |()0) 

QyMhests of fluphenazine propionate (AN l?9\- pi , . 
propionyl chloride (the acv, d.u / , F »1*"aane and 

described above J lZ T ° f Pr ° Pi0DiC «*> W - «— - 
6 ° Ve 7116 P™*** was obtained as . ye|lowish 

<B «sed without further purification J 

' 5 7 ,. j^r* 8 = 112 j - 755 * 3H ' ^ <^ - 

Ave NCf/ 2 ), 2.59 ft y- 5.92 2H, NCf/^O), 3.93 ft y . 7 12 „, 2H 

CH.CO:), 45.05 (ArNCH^), 52.98 (two NCH 2 ), 53,7 (two NCH 2 ), 55 07 

S ' ^ 11873 3 77 * ™ " «* ^ (C«), 

" 32 Hz, ,29.05 (C 3 ), 144.05 (C„), ,45.48 (C l2 ), ,74,0 (C0 2 ) 
25 MS (CI*1H 3 ): tu/z («/„) = 494 (MIT, 100). 

gyrate (AN ISO): Huphcuaziuc and 
butyry, Cdor.de were reacted as described above. fc product was obtained as 
a ye.low.sh oi, (97 % Ym ^ was used ^ ^ ^ 

30 H ,„ "'^ (CDC1J>: 5 = 053 ( ^= 7 -^3H,Mc,, ,,2 (s cxt,y=7.4 
30 H, 2H. Ctf 2 Me), ,.92 ( qufaI , j. 1M m , 2H> ^ ^ ^ _ 

■ V , 
a* 



I 
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Hz. 2H, CO**), 2.45 (m , 10H , £ 

k " r 7 2 h * * - *• - - 2 s 

JNLH 2 C^ 2 0), 6.67-7.13( m , 7H, Ar) ppm 

^CHCHO,, >.1.62( q ,,-3Hz,C,,, I15.«8(C, 0 ). .18.68 «,, 3 77 Hz, 

s .™ 12398 fe y = 272 * °* 

^ (AN mj . F)uphena2jne 

Ob. acy, chloride of valeric ^ werc rcac(ed m iM I 
ob* m «, crude residue „a S purificd by silica chro ^ 
«*» of 7:4 »M a ee at e :hexane ^ ^ ^ _ J « 
yellowish oil (75 % yield). 

6 97 B ' H ;!Tl (CDa3,: 8 " 0 ft 7 H2 > 3 »' M <>> »» <M. / - 

20 " 6 79 ^ T^' ^ 7 09 ™ C °^ 187 ^ 

W ~ ' 2 M (t ' " M ^ 2H ' ™ ™ 

™ 254 a y * 3 - 93 2h - 414 <^= »> * 

NCHjWjO), 6.53-7.14 (m,7H,Ar). 

fCH (CDCW: 8 = W ' 22 02 ™>- 

(CH 2 CH 2 Me), 26.82 (ArNCH 2 CH 2 }, 33.80 (CH 2 C0 2 >, 45.07 (ArNCH 2 ), 53.00 

5316 NQ,!) ' 5509 ^H 2 CH 2 CH 2 ), 56.46 

^ 3W ''* W, W«» U1.68 (%./ = 3.77 Hz, Ci), ,,5.73(0, 
■18 74 M , 3.77 Hz, C 3 ), ,22.85 (C,), ,23.77 (Q), ,24.02 «,, , . 272 Hz 
«A '27.20 (C), ,27.29 («, ,27.42 (C 4 ), ,29.34 ( q , ,- 32 Hz, C 2 ), ,29 69 
(C* 144.08(C„), 145.5, (0.173.45(0),). 
' MS ( CI/N H3): m/z (%) = 522 (MIC, 1 00). 
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717 t """" ^ °"* - A mi^eofan 

n™ w acid (1 equiva|em) md 

~ 5 :'° m ' ^ — *- atmosphere for I 

tar- erphenazmc or Flupnenaztae „ ^ _ ^ ^ 

*c pre was stirred under niaogm a ^ ^ fa ^ homs 

-uhmg slurry was evapo rat cd and phoned between ethy, acecate and water 
Phase was e„rac,ed bwicc wth ethy , acctate ^ ^ ^ 

.o Zo r r r hed wi,h NaHc °* -*» - «- - 

ivigb04, filtered and evaDorafpH tk^ xr 

yellowish OU. Pr ° teKd Pr ° dUC ' W * - 3 

^ N-Pr^cdng group was removed (rom.h.produc, as f„„o„ s: Toa 
so u o„ of fe N . Drotec[ed product h ace(ate a ^ ^ ^ 

«hy. acerate was added dropwise. The mixture was sti rred for 2 hours a, room 

2T, T " C S0 ' Venl "~ - «- — - A^er 

dned under hrgh vae„ um . The obtained produo, a, a trihydroehforide sa,, was 

reerystaUized from a raix(ure of methaool/erher, filtered and dried 

o/,*,,*^ rV-W^ B0 ,„ te .. Peiphena;!inc 
N-r-boc-CABA (N-t-boc-protceted 4-aminobmyric aeid) were reacted as 
descnbed above. The crude product was purified by sillc. ge, chromatography 
usmg a mi x ,ure „f 20:1 elhyl ac£Ute:<;tliailoI ffi ^ ^ • 

obtained as a yeUowish oil (63 % yield). 

JT* (CDC,J>: 6 = fe 9H ' *** 182 " ™ Hz, 2H, 
ST* ,!>0 ( < ' Ui " t -^ 7 '*H^H,ArNCH !OTj , >2 .35( t ,y. 8 . 97 
Hz, 2H. OQrfMa 2.42 (m , ,0H. five NCflft 2.60 ft y = 5.98 Hz, 2H 
NC/Y 2 CH 2 0), 3.16 (o, 6.85 Hz, 2H, C^NHBoc), 3.84 (,, J, 7 2 Hz 2H 

7H,Ar)ppm. 

I!C - NMR WOO* « ' 23.92 (aWHrNHBoc), 24.98 (ArNCHrCH,) 
28.21 OBu), 39.50 (OfcCCy, 45.05 (ArNCHr), 52.89 (two NCH,), 53.03 (two 



25/03 04 THU 18:12 FAX 972 3 6127575 



G. E. EHRLICH 



J2l_053_ 



rc , l«, ,7 ^ C,) ' 12762 (C '>- '»* 144 23 

(C 12 ), 146.23 (Cn). 155.79(NC0 2 ), 1 72. ! )2 ( CO J )pp m 

usinn a J7 ? ^^'^^^^-'^Se'c^o^ 

3 mnau " ° f 2 <>:l «hyl aeetate.ethanol a S elaent Th. , 
obtained as a yeUowish oil (75 % yie[d) * *» 

10 « C ^ZT^ 5 " W9 * '- BU) ' ' - « Hz, 2„ 



20 



25 



""'^ .55,2^, ,73,, (CO^ 

Pen,,, *T "^"^ ******* r^vy^.. 

-* HC, as descnbed above. The tnhydrochloride p r odue, was chained as a 
wseous semisolid oil (quantitative yield). 

(m, 2H, ArNCH 2 Cft) 26K, J-7uu -„ 

ffim ,,,„ 7> ' (U J - 714 ib - ^ CO ; C/f 2 ), 3.01 (m, 2H, 
CBWW 3-33 K 2H, 3 48 . 3 87 ^ ^ ^ ^ 
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(t, J - 6.4 Hz, 2H, NCH 2 C// 2 0), 4.48 (in, 2H, ArNC//>), 7-7.31 (m, 7H, Ar) 
ppm. 

15 C-NMR (CDClj): 8 - 22.34 (CH 2 CH 2 NH 2 ), 22.93 (ArNCH 2 CH 2 ), 
31.11 (c:h 2 C0 2 ), 39.56 (CH 2 NH 2 ), 44.76 (ArNCH 2 ), 49.42 (two NCH 2 ), 49.61 
5 (two NCH 2 ), 55.29 (ArCH 2 CH 2 CH 2 ), 56.08 (NCH 2 CH 2 0), 58.64 (NCH 2 CH 2 0), 
116.69 (C,o), 117.20 (C), 123.49 (C 3 ), 124.19 (C 8 ), 125.44 (C 5 ), 126.42 (C 6 ), 
128.20 (C 7 ), 128.56 (C 9 ), 128.80 (C 4 ), 134.23 (C 2 ), 144.97 (C 12 ), 147.37 (C„), 
173.04 (C0 2 )ppm. 

MS (CI/CH 4 ): m/z (%) - 403.09 (MH^HvNO, 100), 489.18 (Mlf, 

10 1.7). 

Synthesis of fluphenazine 4-aminobutyrate trihydrochloride (AN 187): 
Fluphenazine N-boc-4-aminobutyrate was reacted with HC1, as described 
above. The product was obtained as a white solid (75 % yield). 

'H-NMR (CDCI3): 8 = 1.93 (quint, 7= 7.25 Hz, 211, C// 2 CH 2 NH 2 ), 2.29 
15 (quint, J= 5.42 Hz, 2H, ArNCH 2 Ctf 2 ), 2.49 (t, J= 7.14 Hz, 2H, C0 2 C// 2 ), 2.99 
(t, J= 7.54 Hz, 2H, Ctf 2 NII 2 ), 3.39 (t, J - 4.87 Hz, 2H, ArNCH 2 CH 2 Ctf 2 ), 3.40 
(t, J = 5.42 Hz, 2H, NC# 2 CH 2 N), 3.4-4.0 (m, 8H, four NC/f 2 ), 3.91 (m, 211, 
NCH 2 C// 2 0), 4. 1 8 (t, J = 6. 12 Hz, 2H, ArNC# 2 ), 7.02-7.33 (m, 7H, Ar) ppm. 

13 C-NMR (CDCI3): 8 = 22.76 (ArNCH 2 CH 2 ), 23.36 (CH 2 CH 2 NH 2 ), 
20 3 1.49 (CH 2 C0 2 ), 39.96 (CH 2 NH 2 ), 45.21 (ArNCH 2 ), 49.57 (two NCH 2 ), 50.02 
(two NCH 2 ), 55.72 (ArNCH 2 CH 2 CH 2 ), 56.48 (NCII 2 CH 2 0), 58.99 
(NCH 2 CH 2 0), 113.41 (q, J = 3.77 Hz, C,), 117.80 (C l0 ), 120.70 (q, J= 3.77 
Hz, C 3 ), 124.89 (C 8 ), 126.24 (C 6 ), 125.59 (q, 7= 272 Hz, CF 3 ), 128.75 (C 7 ), 
128.97 (C 9 ), 129.25 (C 4 ), 130.96 (q, J= 32 Hz, C 2 ), 132.51 (C 5 ), 145.12 (C n )> 
25 147.25 (C I2 ), 173.48 (C0 2 ) ppm. 

MS (CI/CH4): m/z(%) = 523 (MH*, 0.5), 280 (M-C4H9NF3S, 100). 

Synthesis of chemical conjugates prepared from valproic acid and 
organic acids or amino organic acids - general procedure: 

Valproic acid is reacted with chloromethyl chlorosulfale (1.2 
30 equivalents), in the presence of NaHC0 3 , Bu 4 N + HS0 4 \ water and CH 2 C1 2 at 
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™ lb. a q ueous phase „ mereafter s „ ^ washed 

NaHCOj ortne, ^ (MgS0<) Md . evaporaw (o ^ 
of afcrotc ac ld as a TOld u a , oi( , which „ ^ fcy - 
5 ac, ehoromemy, ester „ to reacted ^ „ ^ ^ ^ ^ ^ 
Pieced nmino „ rglulic acid> simjlar|y ,„ fc ^ 

above, to thereby yield the draircd product. 

„/ ^, w/ ^„ te „ oic ac/rf (valprolc acUj M 

.o 2coTr T ° a mbaarc ° f va,proic add ( ™ » —£ 

r ^ mm0l) ' <°' 5 ~* — P5 m,> and 

CH 2 CI 2 (25 mL), chloromethy, chlorosulfate (3.79 grams, 23 mmol , 2 
«„ e) was addcd . me fflixlure wm ^ a ^ 

overo.ght. fte aq „ eous layer was ^ ^ ^ ^ 

CH 2 CI, The organic layer was washed consecutively with a saturated ^ 
15 solution of NaHCCb and hrine, dried (MgSO,) Md evapo ra ,ed, to give a 
readual oil. which was purified by distillation (b p. 70 X/4 mm Hg), to give 
2.05 grams (56 % yield) of AN-215. 

'H NMR (CDCI3): 5 - 0.92 (t,J= 7.3 H2, 6H, two C/f 3 ), .^(m, 
8H, two Cff 2 CW 2 ), 2.36-2.48 (tn, 1 H , at), 5.7. (s, 2H, OCHfil) 
■0 "C NMR (CDCl,): 5 =. ,3.9 (two CH 3 ). 20.4 (MeCH.Cly, 34.3 (two 

CHtCH), 45.0 (CH), 68.5 (OCHjCl), 1 74.4 (COJ. 

MS(H):m/2(%,= 193 (MfT, 100), 1 50 (MH*-C,H 7 ). 
Symhesh of 2-Propyt^enmoic acid (valproic acid) N-boc^- 
ommooHyryioxymchyl ester (AN-2J7): A mixture of N-t-boc-GABA (N-t- 
' boc-protectcd 4-atninobutync acid) (,.78 grants, 8.8 mmo.) and 2-propyl- 
pontic acid cbJoromethy, ester (1 .8 grams, 8.27 mmol) in dry ethyl methyl 
ketone- was stirred under nitrogen atmosphere. E, jN (1 gram, 9.5 mmo,) was 
added dropwise and the nation mixI ure was heated for 60 hours The 
obtamed white precipitate was fin^d Ule flllratc was ^ 
res.due was disso,ved in ethy, ac ctate, washed eonseentivdy wim sattuated 
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aqueous NaHC0 3 and brine, dried (ulso . fin, a 

«- — *» vacuum t0 gi ve CTJ7tn ( ;;~ r further 

NH), 5,5 (s , 2„, OC^ ( *' J * " * * ^ ™ <* 'H. 

<0 (NHCHJ, 44,, (CH) V^ o, ^ ^ ^ 3 »« 

(chcxw. )- (NI1 °° !) - ,717 m 

propyl-pentanoic acid N -,. b oc-4 ^ „ Jr T ° 3 S< " Ut ' 0,, of 2 " 

i^ i ooc 4-<iroino-butyryioxyincthyl ester ( AN 517 
prepared * described hereinabove) (1 7 mm s 4 , „ ' 

solution of 4N HCI i „ , mm0l) ' n 645,1 acelatt > a 

ur ,1N «CI in ethyl acetate wa« irfH.H -n. ■ . 

>iiin-»H b, ^ ' ^ obtained mixture was 

point of 35-37 °c " am ° n, "° US ^ haVi "« a 
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MS(CI/NH 3 ): m /z(o /o)a=260(MH+j 10()) 
Table ] below presents the chemical 



methods described hereinabove. 



conjugates synthesized by the 
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AN-179 
(NSK-I, 
52) 



Fluphenazine Butyratc 

C M H J2 F 3 N 3 0 2 S 
507.61 



Fluphenazine Pfopi 0nate 
493.59 



AN- 181 
(NSK-1- 
42) 



AN-187 



Fluphenazine Valerate 
521.64 







AN-2I6 



fluphenazine 4-Arninobutyraie 
Trihyd rochJoridc 

Q6H 3 3F 3 N 4 0 2 SJHC! 
632.01 




'NH 2 3HCI 




2-Propyl.pentanoic acid 4- 

amino-butyryloxymethyl ester 
hydrochloride 



ACTIVITY ASSAYS 
^'OA^ ANDEXfEK]MBNTALMETHoDs 
Cell Una: Hwnm prostate carcinoma fPC 31 k 

(HT-29), murine melanoma (B-, 6) an, v T CarCi °° ma 

™> (8 16) and ,ts drug resistam subclone ^ )(j 



25/03 04 THU 19:04 FAX 972 3 6127575 G. E. EHRLICH 



£ , STTT r 1 ,ine (mes sa> - ,ts *- — 

l jurkat T lymphoma and monocyte leukemia OJ-937, 

were used in this study. IU-5B7). 

5 usin. ^ ^ ^ ^ ffl " W -" WCTC **- *» — « « 
using known procedures [7]. 

ICR nr.ce e mb „„ brain , ^ brains were d . sKMd ) 

■nocture of Leibowitch L-15 medium (Betl, AemeH « , , 
in n->™« i. m l«ui Aemek), 75 pg/mj gentamycin and 

r ™ e ce,,s ' 3oo - 5ooK/wd '- ^ — * ****** 

.5 wlT • ow ^ or dmem with ,0 

<n a taamdified 5 % CO, incubator. 

( h17T s culn,re was prepared from '- 2 ° ld Wis * «*« 

a, room temper „ sing m « ( . pr01ease ^ 
«« tttis protoco, was repeated five ^ ^ ^ 8 

3 X »*- - DMEM medium, for 45 minules , ^ _ 

transfer ,o a geiario coated microtiter plat e f or 24 hours, m order to reduce 
non myocyte Mlb . The cy(otoxjc agent ARQ c ^ 

» hereby efimmate dividing ^ ^ 

J*. m .be cufture. T,e ce Us were incubated for 4 days and microscopi 
inspection was performed thereafter. 

30 ncutr ?T ra " M ° fa "' C " """"'"»<■< was measured by 

neutra. red assay [«) or by a fluoromctric assay DNA content ,9, 
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of )ivi08 celk . Quantojve *» 
-ly Sis ^ perfomcdus ^ ~ ecus This 

— ^ so ftware :r:: Modu,e Lysis n *- 

were evalua,ed accord™ to T AP ° Pt °"' C " UClK » *"W 

MaccMd '"«>od.ecmcoaofNicoIl e ttic(al rm 

aemostmu^. Thc chemosensifeing effee, <,r „ t • 
5 «s chemical conjugate AN Irtfi «/ Perphenazine and 

of Perphan^n or I 6 r~ ,>,V,>0 «— « 

chemomcrapeurica^rcieh win, a 

*e eharnorherapIL !l t^^ 0 " f °" 0Wing ~ 

cher„o m a r ape uti ca g e t lT N1 7 hCTaane " " " ' 

, JllW . y g 168 Wcre * deacribed hereinabove 

Ammak: Young adull male rats CI 50 ?™ _ ^ 

Har.au (Israe,, Anilnals werc ^'ff 0 ^ "« *» 
conditions in the ,„• , ^ " d housed <■ strolled 

tested. P ( 1 5-10 a™" 3 ' 8 each) were 

n. Jrr htdtr r r ~ &um — «- 

for 4-7 days under controlled conditions prior to 
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Catalepsy in rats- The T ^ W< * e tested - 

r<w$ - The manifestation of th- 
effect, induced by typical ne „, . • extrapyramidal adverse 

— "aoging on . age wm , o * ~« <* „ m e * t00k an 

- w- -Jj * piano PMn8 

- - surface ((he " piano - J, I " l0 ° k " — 1 '° *— - — 
KWi and «hese m ' ' maX,mUm *~ ° f «*» * »as 2 

acUvi* — ~ " ^ d ~ <DA ' 

•«» thereof were me ,7 ^ " M "» and *« *» 

Table 1 hereinabove • ' 180 and AN 187 free 

Hereinabove), comparing different -^t« ,v+- 

conditions Gencrallv < nr I compounds and different 

flunh, ^ 8 ° f ^ ParCm ^perphenazine and 7 5 m*/K e 

tluphenazme and equimolar doses of th^V . .a u ^ g 

p— to v ration , dissolved ; ; ; r :'r ^ •"*— ««* 

perphenazine, dissolved in , „ 1 ' ""^ ™ •« and 
animals. "* adm ™ ste ^ <o ,he 

miee f T'Z " "** ^ *— " ° f — **> Savior in 

- - — doae of GABA (7 ^Z^Z1~ 
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mice) or by no treatment (control group, 6 mice). The catalepsy was 
determined using a system of two cages and a bar therebetween. Ihe mouse 
was hung in the middle of the bar, and the percentage of animals reaching the 
target within 2 minutes was monitored 1 hour, 2 hours and 3 hours following 
5 the treatment. 

In the second set, young females were divided into groups and each 
group was treated by cither 2.5 mg/kg perphenazine (6 mice), a mixture of 
perphenazine and an equimolar dose of GABA (6 mice), an equimolar dose of 
AN- 168 (7 mice) or by no treatment (control group, 7 mice). The catalepsy was 
10 determined using the system described hereinabove. The mouse was hung in the 
middle of the bar, and the time it took the animal to reach the target was 
measured. 

Prolactin secretion: Typical neuroleptics induce hyperprolactinemia, 
which is frequently associated with galiactorehea and impaired gonadal and 

15 sexual function [1 1], The measurement of the circulatory plasma prolactin level 
was therefore used as a sensitive biochemical marker for the psychotropic 
activity of the known neuroleptics and the chemical conjugates of the present 
invention, following intraperitoneal or oral administration thereof. Thus, blood 
was collected from the punctured eye orbital of rats under ether anesthesia and 

20 the assay was performed using Millennia, rat prolactin enzyme immunometric 
assay-kit (DPC, USA). 

Behavioral criteria: Sedation of the animals treated by the chemical 
conjugates of the present invention was observed and scored as described 
bellow (Table 2). The degree of animal sedation and mobility in the various 

25 treated groups was evaluated using a score of from 0 to 3, while a score of 0 
represents active and mobile animals, a score of 1 represents calm and mobile 
animals, a score of 2 represents calm and immobile animals and a score of 3 
represents completely ataxic and non-alert animals. Ihe behavior of the treated 
animals provided an estimation of the neuroleptic efficacy of the tested known 
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neuroleptics and of the chemical conjugates, as well as the severity of the 
extrapyramidal symptoms induced thereby. 

Toxicity: In vitro toxicity was determined by measuring the effect of the 
tested compounds (either known neuroleptics or the chemical conjugates of the 
5 invention) on primary cultures of neurons and whole brain neuron and glia cells 
obtained from the brains of neonatal mice. In vitro toxicity of perphenazine and 
its chemical conjugate AN 168 was also determined with rat myocytes. Acute 
toxicity in vivo as determined by the U) 50 was evaluated on 2 months old ICR 
mice following the administration of a single i ntraperitoneal bolus-dose of drug. 

10 B-Amphetamine-induced hyperactivity in rats: The efficacy of the 

chemical conjugates of the present invention was studied using the D- 
amphetamine-induced hyperactivity and motility model, which is known as one 
of the most established animal models for schizophrenia [14]. 

NaiVe Wistar male rats were placed in individual boxes. In each 

15 experiment 4 rats were studied. Perphenazine or equimolar doses of its 
chemical conjugate AN- 168 were administered intraperiloneally (ip) to the rats 
30 minutes prior to intraperitoneal administration of amphetamine (2,5 mg/kg), 
or 90 minutes prior to oral administration of amphetamine (2.5 mg/kg). The 
animals locomotor activity was assessed using two parameters: climbing 

20 attempts of the animal on the barrel walls (as big movements) and head 
movement of the animal (as small movements). Assessment was recorded 
every 15 minutes for two hours. Each animal was tested at each time point for 
120 seconds. 

25 EXPERIMENTAL RESULTS 

Induced-catalepsy and psychotropic activity of perphenazine and 
chemical conjugates containing same: The induced catalepsy and psychotropic 
activity of 5 mg/kg perphenazine and equimolar concentrations of its chemical 
conjugates AN 130, AN 167 and AN 168 (sec Table 1 hereinabove) was 

30 measured by intraperitoneally injecting the compounds, dissolved in 1 % lactic 
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acid, to young adult Wistar male rats (weighing 150-200 grams), divided 5 per 
cage and was determined by the "wall" test described hereinabove. A control 
animals group was treated with the vehicle (lactic acid) only. The effects of the 
treatment on both catalepsy and prolactin secretion were followed for a period 

5 of 2 hours and the results are presented in Figures la and lb. 

Figure la shows the data obtained for induced catalepsy as the sum of 3 
determinations that were carried out in duplicates at 0, 60 and 120 minutes after 
the treatment. Each column depicts averages of 5 animals. The total time was 
normalized to perphenazine (e.g., 100 %). The obtained data show thai 

10 catalepsy was induced by the treatment of perphenazine and AN 130 while AN 
167 and AN 168 did not induce catalepsy at all. 

Figure lb shows the prolactin blood level measured at 0, 60 and 120 
minutes after the treatment and represents the sum of three determinations at 
each time reference. The prolactin blood level serves as a biochemical marker 

1 5 for the psychotropic activity of the compounds. The obtained data show similar 
profiles of the prolactin blood level in the animals when treated with 
perphenazine, AN 130, AN 167 or AN 168, which peaked at 60 minutes and 
decreased thereafter. The prolactin blood levels, at each time point, in the 
animals treated with the chemical conjugates AN 130 ? AN 167 and AN 168 was 

20 similar to that of perphenazine, indicating that the psychotropic activity of the 
chemical conjugates is similar to that of the parent drug. In the control animals, 
treated with the vehicle (1 % lactic acid) only, the level of prolactin was 
unchanged. 

SAR (Structure Activity Relationship) studies: SAR studies were 
25 performed for perphenazine and the chemical conjugates including same. The 
induced catalepsy was measured as described hereinabove and was determined 
by the "wall" test. The results are presented in Figure 2. The conjugate of 
perphenazine and GABA> AN 168, was found to be the most effective, resulting 
with almost maximal reduction of induced catalepsy, followed by the valerate 
30 containing conjugate AN 178, the propionate containing conjugate AN177 and 
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the butyrate containing conjugate AN 167. This experiment shows a significant 
reduction of the induced catalepsy following treatment with the chemical 
conjugates as compared with the catalepsy induced by treatment with 
perphenazine per se. 

5 Catalepsy and animal behavior induced by perphenazine, fluphenazine 

and chemical conjugates containing same: Perphenazine, fluphenazine and the 
butyric acid- and GABA-containing chemical conjugates thereof (AN 167, AN 
168, AN 180 and AN 1.87, see Table 1) were tested for the total catalepsy 
induced thereby, the time course of the induced catalepsy and animal behavior 
10 following the administration thereof. The measurements were performed 
following intraperitoneal injections of 5 mg/Kg perphenazine, equimolar 
concentrations of AN 167 and AN 168, 7.5 mg/Kg fluphenazine and equimolar 
concentrations of AN 180 and AN 187. The catalepsy was determined by the 
"wall" test. 

15 Figure 3a demonstrates the total catalepsy induced by the tested 

compounds. The obtained data is a sum of determinations taken at 0, 30, 60, 
90, 120, 180, 240 and 420 minutes following administration, with total time 
normalization to perphenazine and fluphenazine (= 100 %). Both the butyric 
acid containing chemical conjugates, AN 167 and AN 180, reduced catalepsy 

20 significantly. The GABA containing conjugates of perphenazine, AN168, 
abolished it, while the GABA conjugate of fluphenazine, AN187, reduced it 
considerably. 

Figure 3b shows the prolactin blood level measured at 0, 60 and 120 
minutes after treatment with perphenazine, its GABA conjugate AN 168, 

25 fluphenazine and its GABA conjugate AN 1 87. The obtained data show similar 
profiles of the prolactin blood level in the animals when treated with 
perphenazine, fluphenazine or with their GABA chemical conjugates, which 
peaked at 60 minutes and decreased thereafter. The prolactin blood levels, at 
each lime point, in the animals treated with AN 168 and AN 1 87 were similar to 

30 those of perphenazine and fluphenazine, respectively. 
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Figure 4a demonstrates the time course of the catalepsy induced by 
perphenazine and the chemical conjugates containing same, over a period of 7 
hours. Catalepsy induced by perphenazine peaked after 2 hours and declined 
thereafter. The butyric acid-containing conjugate AN 167 induced reduced 
5 catalepsy as compared with peiphenazine while Ihe animals treated with the 
GABA-containing conjugate AN 168 had no catalepsy through the entire 7 
hours period of the study. 

Figure 4b demonstrates the time course of the catalepsy induced by 
fluphenazine and the chemical conjugates containing same, over a period of 7 

10 hours. The animals treated with fluphenazine displayed catalepsy during the 
measured 7 hours while those treated with AN 180 and AN 187 showed lower 
catalepsy. The catalepsy induced by AN 180 fluctuated during the 
measurement time while the catalepsy induced by AN 187 was abolished at the 
end of the 7-hours period. None of the animals in the study had catalepsy after 

15 24 hours. 

The effect of the administration of the tested compound on animals 
behavior was measured by evaluating the degree of animal sedation and 
mobility following the treatment described hereinabove, using a score of from 0 
to 3. A score of 0 represents active and mobile animals, 1 represents calm and 
20 mobile animals, 2 represents calm and immobile animals and 3 represents 
completely ataxic and non-alert animals. The scores obtained are summarized 
in Table 2 below and demonstrate the reduced effect of the chemical conjugates 
on animal behavior as is compared with mat of the known drugs. 



Table 2 





30 min 


60 min 


90 min 


120 min 


1 80 min 


240 min 


Perphenazine 


1 


2 


2 


3 


2 


2 


AN- 167 


0 


1 


1 


2 


2 


2 


AN- 168 


0 


0 


I 


1 


1 


1 


Fluphenazine 


1 


2 


3 


3 


2 


2 


AN- J 80 


1 


2 


3 


2 


1 


1 


AN- 187 


1 


2 


2 


2 


1 


1 
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Induced-catalepsy in rats by AN 168 and a mixture of perphenazine 
and GAB A: The effect of AN 168, the GABA conjugate of perphenazine, on 
the catalepsy induced in rats was compared with the catalepsy induced by a 
mixture of its parent drugs - non-conjugated perphenazine and GABA. The 
5 catalepsy was measured at 60, 90 and 1 20 minutes following an intraperitoneal 
injection of the conjugate or the described mixture and was determined by die 
"wall" test. 

Figure 5a shows the data obtained for the total catalepsy induced by the 
various treatments. The animals in the group treated with AN 168 exhibited 
10 very low catalepsy while the catalepsy in the group treated with the mixture of 
perphenazine and GABA was high. 

Figure 5b shows the time course of catalepsy following both treatments 
and demonstrates reduced catalepsy in animals treated with AN 168, which is 
abolished after 120 minutes. 
1 5 Catalepsy induced in rats by AN 167 and AN 168: The total catalepsy 

induced by AN 167 and AN 168 in four independent experiments was tested 
and compared with perphenazine-induced catalepsy under the same 
experimental conditions. 

The average of total catalepsy following equimolar doses of AN 167 and 
'.0 AN 168, as percentage of the perphenazine-induced catalepsy, is shown in 
Figure 6. Although AN 167 induced lower catalepsy as compared with 
perphenazine, AN 168 reduced the induced catalepsy to almost a zero value. 

Induced-catalepsy in mice by perphenazine, a mixture of perphenazine 
and GAHA and by AN 168: The effect of AN 168, the GABA conjugate of 
5 perphenazine, on the catalepsy induced in mice was compared with the 
catalepsy induced by perphenazine alone and by a m ixture of the parent drugs - 
non-conjugated perphenazine and GABA. The catalepsy was measured at 60, 
90 and 120 minutes following an intraperitoneal injection of the treatment, and 
was determined as described hereinabove. 
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Figure 7a shows the data obtained for the catalepsy induced by the 
various treatments in terms of percentage of animals reaching the targets within 
2 minutes. The animals in the group treated with AN 168 exhibited 
substantially lower disability while the animals in the groups treated with 
5 perphenazine alone and with a mixture of perphenazine and GABA exhibited 
higher catalepsy. 

Figure 7b shows the data obtained for the catalepsy induced by the 
various treatments, 2 and 3 hours following the above treatments, in terms of 
the time it took the animals to reach the target. The animals in the group treated 

10 with AN 168 were much faster than die animals treated with perphenazine alone 
and with a mixture of perphenazine and GABA. 

Induced-catalepsy, induced animal behavior and psychotropic activity 
of orally administered perphenazine audits GABA conjugate AN 168: As AN 
168, the chemical conjugate of perphenazine and GABA was found to be the 

15 presently most effective chemical conjugate when administered 
intraperitoneal^, additional comparative experiments were performed in order 
to determine the oral efficacy of this chemical conjugate as compared with 
perphenazine. To this end, the induced catalepsy, the prolactin blood levels and 
the animal behavior were measured as described hereinabove, following oral 

20 administration of either AN 168 or perphenazine alone to rats. Animals, 
divided 5 per cage, were treated by oral administration of perphenazine or AN- 
168 dissolved in 1 % lactic acid. Control animals received vehicle (lactic acid) 
only. 

The catalepsy induced by oral administration of various concentrations 
25 of AN 168 and perphenazine was measured by the "wall" test and the "piano" 
test described hereinabove. The time course of catalepsy was measured 4-24 
hours following oral administration of 2.5, 5, 10 and 20 mg/kg perphenazine 
and respective equimolar doses of 3.5, 7, 14 and 28 mg/kg AN-168. The total 
catalepsy represents the sum of average catalepsy per treated group during the 
30 4-24 hours of follow-up. 
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Figure 8a shows the time course of catalepsy following the various 
treatments, as measured by the "piano" test during 4-6 hours, and demonstrates 
the consistent reduction in the cataleptic behavior at all concentrations of AN 
168. Statistical analysis indicated that the reduction was more significant 
5 (p<0.05) at the low and intermediate doses of AN 168 (7 and 14 mg/kg) as 
compared to their respective equimolar doses of perphenazine. At higher doses 
of the chemical conjugate (14 and 28 mg/kg) the detected cataleptic symptoms 
were consistently lower than those of perphenazine although the differences 
were less substantial. It is assumed though that these smaller differences 
10 between the catalepsy induced by the drug and the chemical conjugate at the 
higher doses result from the assessment procedure. Due to practical 
considerations, the maximal cataleptic signal measured was limited to 120 
seconds. However, in reality, it is estimated that the maximum cataleptic 
signal induced by perphenazine is higher than the one elicited by the chemical 
15 conjugate. This estimation is further supported by the greater and substantial 
differences between AN- 168 and perphenazine that were observed, at high 
doses, for both the catalepsy determined by the "wall" test and the sedation 
score, which are described hereinafter. Moreover, the experiments conducted 
showed that muscular rigidity and tachypnea were observed only in the animals 
20 treated widi the intermediate and high doses of perphenazine (10 and 20 
mg/kg) and not in the animals treated with the respective equimolar doses of 
the chemical conjugate. 

Figure 8b shows the time course of catalepsy following the various 
treatments, as measured by the "piano" test during 4-6 hours, in separate 
25 experiments conducted 3 months after the experiments presented in Figure 8a. 
The obtained data indicate that at high doses of AN 168 (14 and 28 mg/kg), 
higher catalepsy was induces as compared with the proceeding experiments. 
NMR spectroscopy revealed that slow decomposition, probably due to 
hydrolysis, occurred and therefore the unique properties of the chemical 
30 conjugate were affected. These findings suggest that this compound should be 
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stored in sealed vials and exposed only prior to use. It should be noted in this 
respect that the analogous chemical conjugate of fluphenazine, AN 187, docs 
not appear to be hygroscopic and therefore docs not tend to decompose upon a 
prolonged storage. 

5 Figures 9a and 9b show the total catalepsy induced by the oral 

administration of 5, 10 and 20 mg/kg perphenazine and respective equimolar 
doses of 7, 14 and 28 mg/kg AN- 168, observed during 4-6 hours. Figure 9b 
presents the data obtained in experiments conducted 3 months after the 
experiments presented in Figure 9a. Although the reduction in the cataleptic 

10 behavior induced by AN 168 as compared with perphenazine is less significant 
in the data presented in Figure 9b, it is clearly shown that the catalepsy induced 
by AN 168 is consistently lower than that induced by perphenazine. 

Figures 10a and 10b show the time course of catalepsy (Figure 10a) and 
the total catalepsy (Figure 10b) as measured by the "piano" test during 24 

15 hours following the various treatments. The data obtained demonstrate that 
the maximal cataleptic effect of both perphenazine and AN-168 was achieved 
5-6 hours following treatment and that 24 hours post-treatment the catalepsy 
was reduced in all treatment groups. These data are in line with the clinical 
time course observed for perphenazine administered to patients (once daily). 
20 Figure 1 1 shows the total catalepsy following the various treatments, as 

measured by the "wall" test and clearly demonstrates that the cataleptic 
symptoms were almost abolished following treatment with all the tested doses 
of AN 168. 

The effect of the oral administration of the chemical conjugate AN 168 
25 on animals behavior was measured by evaluating the degree of animal sedation 
and mobility, 4-6 hours following oral treatments with various concentrations of 
AN 168 and perphenazine, using a score of from 0 to 3, as is described 
hereinabove. The scores obtained are summarized in Table 3 below and 
demonstrate the reduced effect of die chemical conjugate on animal behavior as 
30 compared with perphenazine. 
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Table 3 



10 



i reaiment 


Dose (mg/kg) 


Sedation score 


perphenazine 


20 


3 


perphenazine 


10 


2 


perpnenazine 


5 


1 


perphenazine 


2.5 


0 


AN 168 


28 


2 


AN 168 


14 


1 


AN 168 


7 


0 


AN 168 


3.5 


0 


control 1 




0 



As a marker for the dopaminergic activity of the orally administered 
compounds, the prolactin blood levels were measured 0, 90 afld 130 minutes 
following the various treatments described hereinabove. The obtained data is 
summarized in Figure 12 and demonstrate the similar profiles of the prolactin 
blood level in the animals treated with perphenazine and AN 168. The 
prolactin blood levels, at each time point, in the animals treated with AN 168 
were similar to those of perphenazine, at low and intermediate doses, while at a 
higher dose the prolactin blood level in the animals treated with AN 168 was 
much higher as compared with animals treated with perphenazine. 

These results demonstrate that AN 168 is highly efficient, and therefore 
relevant to clinical use, at low doses (e.g., 3.5 and 7 mg/kg), when orally 
administered. It is further shown herein that at these low doses, AN 1 68 caused 
15 minimal extrapyramidal symptoms, and is therefore almost devoid of 
antagonistic activity at the nigro-striatal pathway. 

Anti-proliferative activity; The anti-proliferative activity of 
perphenazine, the chemical conjugates diereof AN 167, AN 168 AND an 177, 
fluphenazine, the chemical conjugates thereof AN 179, AN 180, AN 181 and 
20 AN 187, and of butyric acid (BA), 4-phcoylbutyric acid (PBA) and GABA was 
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measured by proliferation tests performed (usually in more than one 
independent experiment) with normal and transformed cells. The cells were 
sub-cultured and the tested compounds were added thereto in increasing 
concentrations. The IC 50 values were determined by linear regression of the 
survival percentage of the cells. The IC 50 values obtained for me tested 
compounds with the various tested cell lines are summarized in Table 4 and 
Table 5 below. 



Table 4 



Cells 

Drugs 


BI6MDF 


i B16 


HT-29 


PC*3 


3T3 


Normal rat 
fibroblasts 


Perphenazine 


18.4515.4 
n=3* 


12.5+ 1.29 
n=4 


8.85±2.7 
n=4 


23.1±2.3 
n-2 


26.6 




Da 


80001546 
n=3 


13001113 
n=3 


717012034 
n=4 






5540 


GABA 


>20000 
n=3 


>20000 
n=3 


n=3 






> 20000 


AN- 167 


41.5±1.8 
n=3 


17.314.5 
n=5 


13.3±2.4 
n=4 


49.1 


21.7 


31.64 


AN-168 


23116 
n=3 


26.8+1. 8 
n=3 


23.1+9 
n=3 


45.5 


25 


45.8 


AN-130 


58 


36.518.1 


17.27±3.07 
n=5 


52.9±28.7 
n=3 




41.9±16.8 
n=2 


AN- 1 77 






25.8 




24.6 




AN- 178 

* Number of inde 


nCnrlpnf cvm 




11.5 




18.6 
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Table 5 



Cells 



Drugs 



Perphenazine 



HI. 60 



19.76 



AN 167 



AN 168 



AN 177 



Fluphenazine 



AN 179 



AN 180 



AN 181 



AN- 187 



17.29 



15.14 



HI 60 MX2 
(MDR) 



22.55 



19.86 



MESSA 



MES SA 
DX5 (MDR) 



15.31 



17.23 



15.13 



20.94 



18.25 



19.00 



14.79 



18.57 



18.36 



17.59 



21.77 



21.42 



18.76 



16.69 



17.10 



18.20 



14.79 



16.24 



20.90 



17.16 



13.74 



JURKAT 



11.34 



11.40 



11.35 



14.30 



11.96 



14.37 



12.74 



10.43 



U-937 



21.30 



23.28 



14.23 



21.51 



12.25 



9.47 



10.31 



18.86 



These results show that although GABA, by itself, fails to demonstrate a 
significant anti-pro I iferative activity (IC 50 > 20 mM), and BA (1C 50 range of 1-8 
mM) and PBA (IC 50 range of 2-12 mM, data not shown) showed noticeable yet 
5 relatively low anti-pro) iferative activity, their respective perphenazine and 
flupbenazine conjugates had significantly higher activity (IC 50 range of 8-60 
MM). 

These results further demonstrate the versatile anti-proliferative activity 
of the chemical conjugates of the present invention in a wide variety of cell 
10 lines, including multidrug resistant (MDR) cells, such as HL 60 MX2, B16 
MDR subcolon and MES SA DX5. 

Figure 13 shows the results obtained in a representative experiment 
where the effect of perphenazine and the chemical conjugates thereof on the 
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proliferation of B16 murine melanoma cells was measured. AN 167 and AN 
168 were found to be relatively active as antiproliferative drugs. 

The cytotoxic effect of perphenazine, GABA and the chemical conjugate 
thereof AN 168, were measured and compared with the cytotoxic effect of the 
5 known chemotherapeutic drugs Cisplatin and Vincistine, on C6 rat glioma cells. 
The cells were sub-cultured and the tested compounds were added thereto in 
increasing concentrations, up to 100 jiM. The cells viability following these 
treatments (24 hours) was determined by the neutral red method described 
hereinabove and the results are presented in Figure 14. The IC 50 values of 

10 perphenazine and AN 168 were determined as described hereinabove, and were 
found to be 19.2 |iM and 24.2 pM, respectively. 

As is shown in Figure 14, the obtained data demonstrates the superior 
antiproliferative activity of the chemical conjugates of the present invention, as 
compared with representative known chemotherapeutic drugs. C6 glioma cells 

15 are known as MDR cells, and indeed, the antiproliferative activity of the 
known chemotherapeutic drugs was found to be substantially low. In contrast, 
AN 168 was found to exert high antiproliferative activity, causing substantial 
cell death at relatively low concentrations (about 20 pM). 

Figure 15 presents the data obtained following treatment of Jurkat T 

20 lymphoma cells with increasing concentrations of perphenazine, AN 168 and 
Dexamethasone. The results are presented in terms of cells viability, 
determined by the alamar blue method, and demonstrate the superior cytotoxic 
effect of AN 168 and perphenazine, as compared with Dexamethasone. The 
IC 50 values of perphenazine and AN 168 were 16 pM and 19 pM, respectively. 

25 Tt should be further noted that although perphenazine, fluphenazine and 

their chemical conjugates exert antiproliferative activity to about the same 
extent, the clinical use of the chemical conjugates of the present invention is 
highly superior over the clinical use of the neuroleptic drugs, as the 
administration of the chemical conjugates is almost completely devoid of 

30 adverse side effects. 
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Chemosensitizing effect by co-administration of perphenazine or AN 
168 and chemotherapeutic drugs: The chemosensitizing effects of 5, 10 and 
15 \xM perphenazine and cquimolar doses of its chemical conjugate AN 168 
were measured by co-administering these compounds with varying 
5 concentrations of known chemotherapeutic drugs such as Vincistinc, Cisplatin 
and Dexamethasone. The cells viability and/or the DNA fragmentation, 
determined as described hereinabove in the methods section, following these 
combined treatments was compared with the results obtained following 
treatments with the chemotherapeutic drug alone. 
10 Figure 16 presents the data obtained following 24 hours treatment of rat 

C6 glioma cell line (MDR cells) with Vincistine (30 fiM), perphenazine, AN 
168 and combinations thereof. The results clearly demonstrate the 
chemosensitizing effect of AN 168, which, when co-administered with the 
chemotherapeutic drug, substantially enhance the cytotoxic effect thereof, even 
15 at low concentrations of the chemical conjugate (e.g., 5 jaM), as compared with 
the cytotoxic activity of the drug when administered alone. 

Figure 17 presents the data obtained following treatment of rat C6 
glioma cell line (MDR cells) with Cisplatin at various concentrations ranging 
between 5 f_iM and 50 fiM, and with a combination of Cisplatin and 10 and 15 
20 (iM of AN 168. The results are presented in terms of cells viability, measured 
by the neutral red method, and clearly demonstrate that while the cells were 
completely resistant to Cisplatin at all the tested concentrations, the combined 
treatment of Cisplatin and AN 168 rendered the cells susceptible to the 
chemotherapeutic drug. 
25 Figure 18 presents the DNA fragmentation data obtained following 

treatment of rat C6 glioma cells with Cisplatin (30 jiM ), perphenazine (25 and 
- 50 \M\ AN 168 (25, 50 |iM), a combination of Cisplatin (30 ^iM ) and AN 168 
(50 *iM), compared with untreated cells. The DNA fragmentation was 
determined by the propidium iodide flow cytometric method described 
30 hereinabove. The results demonstrate that while Cisplatin alone has no effect of 
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DNA fragmentation, perphenazine and AN 168 both induced a dramatically 
increase in DNA fragmentation. These results suggest that the 
chemosensitizing effect of the chemical conjugates of the present invention 
results from this activity thereof. 
5 Toxicity: The in vitro toxicity of perphenazine, AN 167 and AN 168 

was measured on primary cultures of neuronal cells and a mixture of neuronal 
and glial cells, obtained from neonatal mouse brains. The cell cultures were 
treaied with the tested compounds for 24 hours and their viability was 
determined thereafter by the neutral red colorimelric lest. The IC 50 values 

10 obtained in these tests demonstrate that perphenazine and AN 167 had similar 
toxicity while AN 168 exhibited significantly lower toxicity toward normal 
brain cells, as shown in Figure 19, The in vitro toxicity of perphenazine and 
AN 168 was further measured on cultured rat myocytes. Figure 20 presents the 
cells viability, determined as described hereinabove, following treatment with 

15 various concentrations of perphenazine or AN 168. The obtained data show 
that AN 168 did not cause any decrease in cells viability at all concentrations, 
while perphenazine caused a 20 % decrease in cells viability at high 
concentrations. 

Thc in vivo toxicity of perphenazine and AN 167 was evaluated 
20 following the intraperitoneal administration of a single dose thereof to mice. 
The LD 50 values, determined two weeks following the treatment, were 109 
mg/kg for perphenazine and 120 mg/kg for AN 167. In addition to the lower 
toxicity of AN 1 67 compared with perphenazine (per), the mortality caused by 
the conjugated compound was delayed, as shown in Figure 21. 
25 D-Amphetamine-induced hyperactivity in rats: The efficacy of the 

chemical conjugates of the present invention was studied using the D- 
amphctamine-induced hyperactivity and motility model This model has the 
advantage of being a predictive and reproducible model for the selection of 
compounds that have anti-psychotic activity in amphetamine-associated 
30 disorders such as schizophrenia[14]. Using this model, the efficacy of a 
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chemical conjugate of perphenazine and GABA, AN- 168. was studied and 
compared with that of the parent compounds, perphenazine and GABA, 
administered alone. 

Thus, naTve Wistar male rats were divided into several groups, each 
5 group was treated, 90 minutes prior to intraperitoneal administration of 2.5 
mg/kg amphetamine, by intraperitoneal administration of a certain 
concentration of perphenazine (0.5, 1.5 or 3 mg/lcg) a certain concentration of 
AN- 168 (0.5 or 1.5 mg/kg), of 5 mg/kg GABA or of 1.5 mg/kg perphenazine 
and 5 mg/kg GABA. The climbing behavior of the rats in each group was 
1 0 measured as described hereinabove. 

As is shown in Figures 22 and 23, AN- 168 completely antagonized the 
climbing behavior induced by amphetamine even at low doses, thereby 
demonstrating its high and superior psychotropic efficacy, as compared with its 
parent drugs perphenazine and GABA. 

15 However, as is shown in Figures 24 and 25, the effect of AN- 168 in 

reducing head movements and other small body movement was inferior to that 
of perphenazine. It is believed that this inferiority results from the reduced 
extrapyramidal side effects, namely cataleptic symptoms and sedation, induced 
by the conjugate AN- 168, as compared with the parent perphenazine. As is 

20 further shown in Figures 22-25, the administration of GABA alone did not 
modify the effect of amphetamine, neither it changed the effect of 
perphenazine, thereby suggesting that the enhanced efficacy and the reduced 
adverse side effects results from the administration of die conjugate AN- 168. 
As is shown in Figures 26-28, similar results were obtained when 2,5 

25 mg/kg perphenazine, alone or in combination with 5 mg/kg GABA, and 3.5 
mg/kg AN- 168 were orally administered to rats, 90 minutes prior to 
intraperitoneal administration of amphetamine, demonstrating the superior 
efficacy of the conjugate in versatile administration routes. 

The efficacy of AN-168 was further compared with that of olanzapine, a 

30 known atypical anti-psychotic drug. Various concentrations of olanzapine (2.5, 
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5 or 10 mg/kg) of olanzapine were orally administered to rats, followed by 
intraperitoneal administration of amphetamine. As is shown in Figures 29-31, 
while olanzapine was capable of substantially antagonizing the climbing 
behavior induced by amphetamine only al high doses (10 mg/kg), almost no 
5 effect thereof was observed with respect to head movements. 

These results stand in line with the previously reported lower efficacy of 
olanzapine in the amphetamine model [15 J. However, the data obtained in 
these studies further suggest that the chemical conjugates of the present 
invention exert lower anti-dopaminergic activity, as compared with neuroleptic 
10 drugs and therefore may show some resembles to atypical drugs. 

The data obtained in this model further support the high efficacy of the 
conjugates of the present invention in exerting psychotropic activity while 
reducing the adverse side effects induced by the parent psychotropic drug. 

The overall experimental results delineated hereinabove demonstrate the 
1 5 high and advantageous efficacy of the novel chemical conjugates of the present 
invention in exerting psychotropic activity, antiproliferative activity and 
chemosensitizing activity, with minimized toxicity to normal cells and 
minimized adverse side effects. 

20 It is appreciated that certain features of the invention, which are, for 

clarity, described in the context of separate embodiments, may also be provided 
in combination in a single embodiment. Conversely, various features of the 
invention, which are, for brevity, described in the context of a single 
embodiment, may also be provided separately or in any suitable 

25 subcombination. 

Although the invention has been described in conjunction with specific 
embodiments thereof, it is evident that many alternatives, modifications and 
variations will be apparent to those skilled in the art. Accordingly, it is intended 
30 to embrace all such alternatives, modifications and variations that fall within the 
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spirit and broad scope of the appended claims. All publications, patents and 
patent applications mentioned in this specification are herein incorporated in 
their entirety by reference into die specification, to the same extent as if each 
individual publication, patent or patent application was specifically and 
5 individually indicated to be incorporated herein by reference. In addition, 
citation or identification of any reference in this application shall not be 
construed as an admission that such reference is available as prior art to the 
present invention. 
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